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A PHYTOPHTHORA FOOTROT OF RHUBARB 1 . 
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INTRODUCTION 


Rhubarb footrot is a parasitic fungous disease which manifests 
itself by a wilting of the leaves, followed shortly after by their collapse 
at the base.of the petioles and the rapid death and decay of the whole 
-plaST. IFis caused by a species of Phytophthora heretofore unreported 
in connection with this crop. The disease was first brought to the 
writer’s attention in July, 1917, when a report was received in the Office 
of Cotton, Truck, and Forage Crop Disease Investigations, of the Bureau 
of Plant Industry, of a disease of rhubarb in a garden in Brookland, D. C., 
which was killing out the rhubarb plants. Soon afterwards other 
reports from different points in the District were received. A survey 
of the environs of Washington showed that the trouble was rather wide- 
soread 

DISTRIBUTION AND ECONOMIC IMPORTANCE 

Inasmuch as this disease has not yet been reported on rhubarb and 
is not widely known among the plant pathologists of the country, only 
a very incomplete account of its distribution can be given at this time. 
Furthermore, some of the citations given are necessarily based upon 
inaccurate identifications, as will be seen, and must serve rather as an 
indicat^^ disease may be found than as reliable 

data dffHistribution. Owing to a change of duties it has become neces¬ 
sary to submit for publication results as they stand without 
to a satisfactory conclusion some of the doubtful phases of the investi¬ 
gation. 

The disease was observed repeatedly by the writer during 1917 and 
subsequently in various gardens in the District of Columbia and in 
neighboring Maryland and Virginia. One newly planted field was seen 
that was almost entirely killed out. Numerous reports of the dying out 
of rhubarb plants in this same locality, particularly in small gardens, 
have also been received, and from the descriptions given, either orally 
or in writing, it would seem that the cause has been the same as in the 
cases personally studied. Letters and diseased specimens also were 
received from more distant points. On September 5, 1917, a specimen 
was received from Harrisburg, Pa., which was similar in appearance to 
the Phytophthora footrot familiar to the writer, and which was found 
to contain in affected parts hyphae of Phytophthora. While tb 4 fungus 
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was not isolated, it was found in mixed culture to belong to this genus* 
In November of the _ same year a similar specimen was received from 
Amelia Court House, Va. 

These several occurrences of the trouble in 1917 led to an examination 
of the card records of diseased rhubarb specimens and of correspondence \ 
received by the Office of Cotton, Truck, and Forage Crop Disease Investi¬ 
gations in previous years. Many cards were found upon which the 
descriptions recorded compared favorably with that of the disease 
caused by this Phytophthora. On March 24, 1913, a specimen was 
received from Bowling Green, Ky., which consisted of “ decay of under¬ 
ground stems.” On January 24, 1914, a specimen of what was probably 
forced rhubarb was received from Parkersburg, W. Va. It was called a 
“ crown rot ’ ? and described as follows : 

Tissue at base of leaves soft and decayed, decay extending into root; bacteria abtmd- | 
ant. 

Reference to the paragraph in this paper headed “ Description of the 3 
Disease” will show that abundance of bacteria is characteristic of the 
later stages of footrot rather than indicative that bacteria are in any sense 
primary. On July 31, 1914, a specimen from Mount Rainier, Md., was 
described as a “ 'crown rot’ . . . tissue full of bacteria.” On September 
2, 1915, specimens from Richmond, Va., were “affected with a basal stem 
decay.” On August 3, 1916, a specimen “in bad condition ” was received 
in the office from a garden in Washington, D. C. In January, 1920, a 
letter was received from Cobden, Ill., telling of the occurrence of a disease 
in rhubarb fields that had killed out a large number of plants. The 
statement was made that replantings made in the spring of 1919 into 
hills where rhubarb had died the year previously were killed by the 
disease that same summer. In the summer of 1921 specimens sent from 
St. Louis, Mo., showed typical symptoms and the presence of a Phycomy- 
cete, probably Phytophthora, in the roots. In addition, reports of 
rhubarb diseases with no particular clue as to their identity were received 
from time to time from Kentucky, Tennessee , Missouri, and Idaho. 

The earliest report of which the author lias been able to find any 
record was contained in a letter dated July 20, 1902, from Prof. William 
Stuart, then at Purdue University, La Fayette, Ind., in which he de¬ 
scribed a disease of rhubarb similar to the one under investigation. 
Specimens accompanied the letter, but the correspondence shows that 
they were so much decayed that it was impossible to determine definitely 
the nature of the trouble. 2 

Beach (a), 3 who has made the only mention of such a disease to be 
found in the literature, reports in his paper and by letter that, in the 
summer of 1920 a rhubarb crownrot due to Phytophthora was prevalent 
in Philadelphia County, Pa., in one case having killed nearly half the 
stand in an acre field. As will be shown later in this paper, however, 
his disease is not identical with that investigated by the writer, the causal 
organisms being distinctly different. 

This fact complicates the matter of distribution considerably, inaSo 
much as the two diseases appear to be very similar if not indistinguish- 
able. . The other organism, or one very close to it, has also been received 


_ 2 An extract from the letter follows: “The rhubarb plantation from which the plant sent you was tukm 
is quite badly affected., .The gross characters of the disease in affected plants is the wiltiwR of a leaf or two 
until finally all are affected, when the crown turns dark and decays. The decay of the crown (onnitwitCN 
the existence of the plant. The owner of the rhubarb bed said that he replaced all those that hurl died the 
’yearprevious,,only to find that the n#vly set plants soon became affected and succumbed to the 

8 Reference is made by number (italic) to " Literature cited,” p. 24-^6. ; 
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from Ithaca, N. Y., where it was isolated from rhubarb in two separate 
gardens. It is evident, therefore, that the data here given on distribu¬ 
tion may have to do with the disease caused by either one of the organisms, 
except in those cases in which the specific organism is clearly noted. It 
is hoped that it will be possible, after another season’s observations, to 
distinguish between the diseases under field conditions. Mr. Beach has 
much" additional data in this connection which will probably be pub¬ 
lished soon in a bulletin of the Pennsylvania Agricultural Experiment 
Station. 4 His paper is an important and valuable contribution to this 
and other phases of the rhubarb crownrot problems. 

It is not possible to make any estimate of total loss at this time. Since 
rhubarb is rather extensively grown on a commercial scale and the dis¬ 
ease is widespread, it will have to suffice to say that the footrot is of con¬ 
siderable economic importance. 


DESCRIPTION OF THE DISEASE 

The first outward manifestation of Phytophthora footrot is a sudden 
waiting of the foliage, usually of one or two leaves only. The base of 
the petiole, or leaf stalk, is the point affected. Here a distinct lesion is 
found, slightly sunken, sometimes not colored, and sometimes in sharp 
contrast with the pink or light green of the normal petiole because of 
its brown color. A leaf that has reached the wilting stage is shown in 
Plate 1, A. The lesion has practically girdled the base of the stem. 
This area advances rapidly, and in less than 24 hours the stem may col¬ 
lapse at this point, allowing the leaf to fall to the ground. Leaf stalks 
with the disease slightly farther advanced are to be seen in Plate 2. The 
tissue.is killed so quickly that secondary organisms, particularly bac¬ 

teria, gain entrance almost immediately. These contribute to the rapid 
decomposition of the fallen leaf, turning it quickly into a putrid mass, 
especially at the base, as shown in Plate 2. This factor makes it diffi¬ 
cult to isolate the causal organism. Fungi as well as bacteria play a 
leading rfesTfuetioii of the leaf. A species of Colleto- 

trichiifif^robably the same one treated by Stevens (24) and considered 
by him to be Colletotrickmn erumpens Sacc., is found in great abundance 
at times on decumbent rhubarb leaves and petioles in early and late 
stages of decomposition. Plate 3, B, illustrates a leaf petiole recently 
■ fallen with Colletotrichum appearing along its entire length. Plate 3, A, 
shows a leaf entirely covered with this fungus in a fruiting condition. 

In weather favorable to the disease the first symptoms are followed 
in a day or two by the infection and collapse of other leaf stalks in the 
plant, as shown in Plate 4, A. Finally, all the leaves drop, leaving, the 
plant entirely dead (PL 4, B). Meanwhile other plants in the field are 
similarly affected and many of them are killed, so that the field may show 
large vacant areas. 

A study of many plants in different stages of infection showed that the 
fungus advances into the root from affected leaf stalks, causing a brown 
decay. Thence it spreads rapidly through the upper portion of the 
root, killing the other leaves and leaf buds. Plate 5, A, a section through 
a recently killed plant, shows the advancing edge of decay due to the 
causal organism. At the points marked (X) the fungus was found and 
identified as Phytophthora. Plate 5, B, shows clearly how the fungus, 


4 This buHctittUias'since appeared: Brack, W. S. the crown sot of rhubarb'Caused by *|nr* 
toikthoua cactokw.,. Pa. Agr, Exp. Stu. Bui, 174, » 8 p# 95 fig. 1^22. Bibliography, p. 27-28.' 
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entering the root from one side, spreads and involves the whole plant, j 
The remaining stalks are doomed to quick collapse, for the fungus has 1 
advanced from the other side of the plant, which has already been killed, 
and has penetrated the upper portion of the roots feeding this side- 
Within a few hours these stalks would present the appearance showtfc :w 
in Plate 4, B. 

This disease should not be confused with one very commonly found 
in rhubarb fields during the summer months, which consists of a drjr> : 
necrosis of the base of the petiole and its consequent partition from, the 
plant. The latter condition is pictured in Plate 3, C. It is in no way 
related to the Phytophthora disease, even though stalks so parted from / 
the plant may appear the same (except for more marked yellowing of the j 
leaves), and may go through identical processes of further deeomposi-; 
tion and decay. 

Rhubarb shows a remarkable power of withstanding and checking 
further advance of the disease if conditions are not entirely favorable to 
the causal organism. A change in the weather may prevent the spread ^ 
of the fungus from a point of primary infection to the rest of the plant. 
In artificially inoculated plants in which the fungus was known to have 
entered the roots, however, the writer has seen the disease continue in " 
its destruction even during a period of dry weather. 

INFLUENCE OF WEATHER CONDITIONS ON PROGRESS OF THE 

DISEASE 

Marked variation in the prevalence of this disease from year to year 
w r as noted. This appears to be due to differences in weather conditions, 
especially in the rainfall during the period of greatest danger. In 1917 
reports of the disease were numerous, and it was found by personal 
surveys to be rather general. During the next summer very few reports 
of rhubarb diseases of any kind were received. Field trips into localities 
that had been badly affected in 1917 did not bring to light any of the 
disease in its active condition. During the summer of 1919 the writer 
had no opportunity to investigate its prevalence, but the appearance of 
the experimental field the next spring indicated rather heavy loss of 
plants. In 1920 it appeared worse than ever, as was evidenced by 
numerous oral and written reports and by personal observations. A 
field at Arlington Experimental Farm, Va., just across the Potomac 
River from Washington, D. C., was attacked and plant after plant killed 
by the disease. 

A study of the climatological data for Washington, D, C., and vicinity 
over the summer months of 1917 to 1920, inclusive (26), disclosed some 
interesting facts with regard to rainfall. The total precipitation for 
June, July, and August, 1917, was 16.43 inches; for the same period in 
1918, when the disease was not to be found at all, it was 7.73 inches, or 
less than half that of the previous year; for 1919, 13.65 inches; and for 
1920, 15.21 inches. It is a prolonged period of continuously wet weather ;; 
however, rather than a high total precipitation, that is favorable to the j 
development of the downy mildews in general. In this respect, particn-. 
larly, the weather records show an interesting correlation with the preva¬ 
lence of the rhubarb disease. In July, 1917, two prolonged periods of daily 
rainfall and cloudy weather occurred. During the first, from July 8 to 
July 11, an average of 0.36 inch fell every day, followed by several cloudy 
days. Again, on July 22, 1917, 0.59 inch of rain fell, followed by two 
cloudy days (49 and 46-per cent of possible sunshine), and on the next 
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day 3.27 inches, followed by two cloudy days. During either period 
conditions undoubtedly favored the development of a downy mildew. 
During the summer of 1918 no such period of prolonged wet weather 
occurred. In 1920, when the next observations on the disease were 
made, several wet periods occurred, the longest of which was from July 
15 to July 23, every day being Msted as cloudy. In fact, only one day, 
the 19th, showed as high as 40 per cent possible sunshine. During these 
nine days 5.6 inches of rain fell. It was during the latter part of the 
period that the rhubarb disease appeared at its height. 

The extensive occurrence of rhubarb footrot only during such weather 
conditions agrees with the observations of other workers on other diseases 
of the same type. Clinton wrote in 1905 (6): 

The prevalence of most parasitic fungi is largely influenced by the character of 
the weather, particularly in regard to moisture. This is especially true of the downy 
mildews. An abundance of cloudy or rainy weather at certain periods of the year 
determines whether or not these troubles will be injurious. 

' .. CAUSAL ORGANISM 

ISOLATION 

When investigations on the disease were started, several organisms 
had to be isolated and studied before the true cause was discovered. 
Prominent among these was Colletotrichum erumpens Sacc., which has 
already been mentioned as being almost universally found on decumbent 
rhubarb stems. This fungus was reported by Stevens (24) as the 
cause of a rhubarb disease in Illinois in 1919. One feature that cast 
suspicion on it in particular was that it was found fruiting in distinct 
lesions, such as are shown in Plate 3, B, on freshly fallen rhubarb stems. 
Furthermore, it appeared to be constantly associated with the footrot; 
the abundance of infective material on old and dried as well as on freshly 
fallen leaves would seem to be conducive to such damage as was noted. 
Single spore isolations were made after considerable difficulty to free 
them from.- bacLeria, mnd iUOdulatid were made upon living plants in 
the greenhouse, under most favorable conditions as regards moisture and 
temperature. Results were consistently negative. Stems cut and 
inoculated in a moist chamber became infected, but the symptoms 
differed essentially from those of the footrot disease. Several bacteria 
were isolated and used for inoculations without positive results. The 
finding of a eoenocytic fungus in the tissues of fresh material at this time 
led to a concentration of effort on that and abandonment of further 
systematic study of the other organisms. 

This Phycomycete, after its presence was first noted in newly collected 
material, was constantly found associated with the typical disease. Re¬ 
peated attempts were made to isolate it by the tissue fragment method 
on poured plates of corn meal and other agars. While it grew very 
readily in most of the media used, it was always accompanied by con¬ 
taminating bacteria, often even out to the very tips of the growing 
hyphae. Finally in September, 1917, pure cultures were obtained. On 
corn meal agar plates the organism, contaminated as it was with bacteria, 
sometimes made a rather profuse aerial growth. By cutting sheets of 
sterile agar from a poured plate and laying them one on top of another, 
little inverted pryamids were built on the under surface of the cover of 
a Petri dish. These were turned with the cover so as to be directly over 
the colonies with good aerial growth. In two cdSes out of several attempts 
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the fungus grew into contact with these blocks of agar, which were soon 
after turned again over a clean part of the plate and after several hours' 
growth had been permitted, were found to be free from all contamina¬ 
tions. These sources were used to inoculate several dean plates, and 
from them a large number of cultures were made on corn meal, oatmeal, 
and lima bean agars. Two more strains indentical in character with the 
first were obtained in this manner, one from a garden and the other 
from a commercial field, both in the District of Columbia. 

PROOF OF PATHOGENICITY 

A large number of rhubarb seeds were planted in flower pots in the 
Washington pathological greenhouses, and about the middle of October, 
1917, they were large enough for some preliminary inoculation experi¬ 
ments. I 

Inoculation No. i.—A seedling planted August 31 was inoculated ; 
on October 19 by puncturing with a sterile needle a leaf petiole near its j 
base and applying a small bit of a culture from a com meal agar tube. 
Five days later, not only the inoculated leaf but all the others on the plant 
had fallen to the ground. Plate 6, A, shows this plant, together with 
the control similarly treated except for the application of the fungus, 
photographed October 26. 

Inoculation No. 2. —On October 19 a similar plant was inoculated 
by the application of the culture without injury at the base of a leaf 
stalk. The plant was covered with a bell jar which was removed in 
24 hours. This treatment was applied to two plants. On October 24 
one of the plants was dead, and the other showed the outer leaves wilted 
down. The control was perfectly normal. 

Inoculation No. 3.—A plant similar to the others was inoculated as 
in No. 2, but the bell jar was not applied, moist earth being piled up 
around the inoculum. At the expiration of five days this plant was dead. 

Inoculation No. 4 was identical in method and results with No 2., 
the plants being killed and the controls remaining healthy. In inocula¬ 
tion No. 5 the root was injured, and the inoculum applied at this point 
resulted in its decay and the death of the plant as before. In No. 6 the 
fungus was applied to the root without injury, and at the end of five 
days the plant was still healthy. In No. 7 the root was injured as in 
No. 5, with similar results. In No. 8 the petiole was injured, no bell jar 
was used, and infection was positive. Controls of No. 5, 6, 7, and 8 
remained healthy. 

On November 24 an artificially infected seedling inoculated about 
three days previously and showing typical signs of the disease was 
removed from the greenhouse and an attempt was made to reisolate the 
organism. One leaf stalk showed a lesion extending up the stem about 
H inch and a rot extending into the root from y 2 t0 % inch on one side. 
In a microscopic mount from the advancing edge of the decay, hyphae of 
Phytophthora could be seen apparently free from other organisms. 
Saprophytic fungi, bacteria, and nematodes were abundant at the points 
of earliest decay. Isolation attempts on rhubarb juice agar and potato 
agar plus rhubarb juice, made by the tissue fragment method, failed to 
get the organism into pure culture, though the Phytophthora developed 
and fruited. 

These results were so strongly indicative that the right organism had been 
found as to justify confining further operations practically to this fungus. 
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Pathogenicity was completely proved later. Meanwhile a large number of 
rhubarb roots of standard varieties had been obtained from a seedsman. 
These were planted, both in a field plot and in flowerpots in the green¬ 
house, at Arlington Farm. In the greenhouse further inoculations were 
made on the large plants obtained from roots, and these were, almost 
invariably successful, resulting in the majority of cases in the death of 
the whole plant and the decay of the root. Inoculations made into both 
the aerial parts and the roots gave this result. Plantings made in the 
spring in the commercial grower’s field to replace plants that had been 
killed by the disease the previous season resulted in the decay and death 
of the new plants. Inoculations into large, vigorous plants in the field 
at Arlington Farm, made by applying the fungus from pure culture at the 
base of a stalk where moisture is abundant and growth is rapid, resulted 
not only in the death of the particular stalk inoculated but in the rapid 
destruction of the entire plant. 

It became necessary to discontinue the investigation of this problem 
about midsummer, 1918, in order to take up important war emergency 
work. Except for the maintenance of cultures and occasional observa¬ 
tions, it was not until the summer of 1920 that the writer was again able 
to devote any considerable attention to the problem. Early in July, 1920, 
the experimental field at Arlington Farm was in vigorous growing condi¬ 
tion, and none of the disease was evident. Another series of inoculation 
experiments was started under these conditions. When the inoculations 
were made the weather was not altogether favorable for infection, and 
water and shade were applied artificially, as indicated below. A period 
of wet weather followed immediately after, however, and this resulted not 
only in the rapid development of the fungus in plants inoculated but also 
apparently in its spread to other plants. The experiment is reported in 
detail in Table I. 



Tabi,B I .—Inoculations of rhubarb plants with Phytophthom parasitica uar. rhei. 
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Inoculations No. 21 to 28 were made similarly, except that the 
inoculum was applied in each case to the crown at the points from which 
stalks were pulled. From three to five points were inoculated in each 
plant. Immediately after the plants were inoculated every other plant 
was sprayed at its base with 4-4-50 Bordeaux mixture, the intent being 
to determine whether plants could be protected from infection by this 
means* Inoculation and spraying were done on July 12. Five days later 
observations were made and final notes were taken in the spring of 
1921. Eventually three of the four plants inoculated and not sprayed 
succumbed to the disease. Spraying served to prevent infection, for 
none of the sprayed plants died. 

In connection with the motion-picture film illustrating zoospore emer¬ 
gence, mentioned by Godfrey and Harvey (rr) another inoculation, No. 
29, was made on July 20. Three or four stalks were pulled from a large 
plant and inoculum was applied from a Petri dish culture at the broken 
stubs in the crown. This inoculation resulted in the spread of the organ¬ 
ism to other parts of the plant and the ultimate death of the plant. 
Plate 6, B, shows this plant photographed on July 26. Plate 4, B, is 
from a photograph of a plant that became diseased as the result of 
inoculation 11 (Table I) photographed July 17. 

As indicated in the tabulations after inoculations No. 10 and 14, 
reisolations were made from affected parts. In the case of the leaf 
inoculated by application of zoospores (No. 10) reisolation was accomp¬ 
lished by cutting out a portion of the base of a large leaf vein that had 
become infected, washing it for about a minute in mercuric chlorid 1 to 
1,000 and then in three changes of sterile water, and applying in pieces 
broken apart with sterile forceps to an agar plate. This resulted in a 
pure culture of the same organism as was used in making the inoculation. 
An isolation was made from the base of the affected stalk in No. 14 in 
practically the same way. One of the bits gave a pure culture. These 
cultures were used for successful inoculations in the greenhouse during 
the following winter. Thus Koch's rules of proof of pathogenicity were 
completed and this organism was established definitely as the cause of 
the disease. 

Still further inoculations and reisolations were made in the spring of 
1921 on some potted rhubarb plants in the greenhouse. At this time 
an easy method of isolation to free quickly from contaminating organ¬ 
isms was worked out. On the chance that it may be useful to other workers 
on Phytophthora, this method is here described. It consists simply of 
inoculating with the mixed culture a good sound apple, according to the 
methods described completely in connection with another phase of the* 
problem on page 15 of this paper. The Phytophthora quickly outgrew 
the contaminating bacteria and in about two days was obtained abso¬ 
lutely pure by transferring from the advancing edge of decay in the. 
interior of the apple. Plate 7, B, shows the fungus in pure culture, grow¬ 
ing from such transfers of apple tissue, compared with the contaminated 
culture A, made by transferring from near the point of inoculation. 

DESCRIPTION OF THE FUNGUS 

So much has been written from time to time of the characters peculiar 
to members of the genus Phytophthora and of their behavior in culture 
that an effort will be made here to avoid useless repetition by reference 
to previous papers wherever possible. An exception will be made of 
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points upon which emphasis is deemed desirable, and, of course, of any 
new points that may be brought out. 

Morphologically distinct sporangiophores of this fungus , have never 
been observed by the writer in nature. Sporangia have been observed, 
but always attached to hyphal branches that could not be distinguished 
by any morphological characters from other* aerial hyphae of tfie^furnus. 
In pure culture this same condition seems to exist. Attempts werd\|nade 
with the use of Van Tieghem cells to produce sporangiophores, a$\^&s 
done by Rosenbaum with several different species of Phytophthora (iV)« 
In the aerial hyphae that developed, sporangia could be seen on irre||" 
ularly branched hyphae. In no case were clusters of sporangia seen\ 
such as are pictured by Rosenbaum* Plate 8, D, B, F, and Plate 9, G,! 
H, are camera-lucida drawings of sporangia as found in pure cultures ® 
attached to the hyphae* 



OS 6 3 iZ iS !8 2! S&27308836&B$2$5mS! mSTmmm 
M/emNS. 


Fig. X.—Graph showing the variation in length and width of sporangia of Phytophthora ParasUka 

var. rhei. 


Sporangia are variable in size and shape but on an average would be said j 
to be comparatively large, and of the short, ovate type rather than the long, * 
slender kind. Figure 1 shows the results of 200 measurements and shows t 
graphically the sizes of greatest frequency. It will be seen that practically j 
ah of them fall within the limits of 33 to 48 \x by 24 to 39 fi, the mode j 
being 39 by 30 p, the average 41.03 by 30*85 p. The ratio of length to I 
width varies from 1.2 to 1.5, 1.3 occurring more than any other. Pa-j 
pillae are mostly apical, an occasional lateral one being found. They! 
are prominent, die average of 25 measurements being 2.75 ^ in height and 
5-9 M in width. Sporangia are mostly terminal, but frequently internal -1 
ary. Intercalary sporangia are sometimes normal in both size and shape, 1 
but many functioning sporangia have been observed, very small, spheri-i 
cal, and lacking the apical papillae* Such were considered out of the| 
ordinary and were not included in spore measurements. The wall of v ; 
the sporangium gives the true cellulose reaction to the chloroiodid of 
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zinc stain, described by Stevens (25, p. 300) and other authors. The 
figures in Plate*io, B, G, and H, are photomicrographs of typical spo¬ 
rangia, before the escape of zoospores. These figures bring out clearly 
the apical-papillae. Figures C and I in Plate 8 are camera-lucida draw¬ 
ings ofTypieal sporangia. 

(^ffemydospores are sometimes very abundant in pure culture. They 
axe spherical, thick-walled as compared with sporangia, and in some 
jAedia slightly brownish in color. They, too, may be either terminal on 
the ends of short branches or intercalary. They are relatively large, 
measuring from 27 to 39 p in diameter, 33 p being the mode, as indicated 
by Figure 2, depicting the results of 200 measurements. Plate 10, F, is 



a small, laterally attached chlamydospore, and Plate 8, A, one that is 
intercalary. 

Oospores are also found abundantly in pure culture, especially in some 
of the more nutrient media, such as oatmeal or lima bean agar, though 
they have been observed very thickly at times in corn meal agar, in the 
small piece of the medium with which the transfer was made from one 
tube to another. Oospores are spherical, ranging from 21 to 27 /i in dia¬ 
meter, the mode being 24 p (fig. 2) and the mean a fraction less than 25 p* 
The type of fertilization of the oogonium is always amphiginal, as de¬ 
scribed originally by Pethybridge (18, p , 336) and shortly after by Dastur 
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(j^). Figures A to B, in Plate 10, are photomicrographs of typical speci¬ 
mens. Two views of the same oospore are shown here, A with the focus on 
the stalk of the oogonium and B on the oospore wall. Another oospore 
and a sporangium are also in the field, but neither is in focus. \C shows 
especially well the relation between oogonium and antheridiump arising 
from separate hyphae. Plate 8 includes camera-lucida outline dxavJfttgs 
of oospores, with the oogonium arising from the same (H) and frb^ 
different (G) hyphae. Oospores are thick-walled, sometimes hyalin#^ 
sometimes distinctly brown, depending upon the substratum. The 
irregular thickening of the outer wall of the oogonium after the oospore 
is mature, mentioned by Bastur ( io } p. 202 ), is often seen in oatmeal agar. 
The antheridia are variable, having been seen in all gradations from half. 
the diameter of the oospore and almost square in shape to small and cir¬ 
cular in outline. Antheridia are persistent. 

Hyphae are slender, though variable, and full of granular protoplasm 
in younger cultures. A rapid flowing or streaming of the protoplasm 
has been observed under higher magnifications in young cultures on 
plates of clear com meal agar. This flowing can be seen for only a few 
seconds after the cover of the plate is removed; the drying out of the 
cultures appears to stop it. The type of mycelium varies considerably 
with different culture media. Various features described in different 
papers have been observed. There are no septa in the younger hyphae, 
but in older cultures septations are frequent. Plate 10 shows hyphae as 
seen in microscopic mounts. Irregularities of the most extreme nature, 
even approaching the tuberculate structures mentioned by Rosenbaum 
{21, p. 24) as a characteristic of Phytophthora syringae Klebh., have been 
seen occasionally. Hyphal walls and septations consist of true cellulose* 

Zoospore production in Phytophthora has been repeatedly described. 
The manner of their development and emergence from the sporangium 
is m this species apparently identical with that in Phytophthora para¬ 
sitica Bastur as described by Bastur (10, p. 194 :). One feature that was 
particularly noticeable with this organism was the rapidity with which 
zoospore development occurs when a water mount is made from a culture 
of the right age and condition. When cultures are maintained at room 
temperature, zoospore production can be observed at any time within a 
few minutes. Often less than a minute from the time the mount was 
made sufficed to note the beginning of activity. Sometimes 15 or 20 
minutes are required. Normally, activity begins in less than 5 minutes, 
during which time the changes in the protoplasm can be observed. This 
feature, together with the abundance of sporangia produced on some of 
the ordinary media, the long life of the organism in culture, and other 
characters mentioned in this paper seem, in the writer's opinion, to make 
it particularly desirable to use for laboratory study in plant pathology 
courses. 

A motion-picture film has been prepared, as noted elsewhere by God¬ 
frey and Harvey (jj), partly for the purpose of showing to best advantage 
the details of the development and escape of the zoospores. Through 
the courtesy of the motion-picture laboratory portions of that film which 
show different stages in the process are reproduced in Plate 11. The 
first row shows the protoplasm rounded out into zoospores, with cleavage 
lines ‘distinctly visible. This stage is more clearly brought out in Plate 
10, H, which shows a specimen killed with osmic acid fumes just previous 
to the escape of the zoospores, and treated with chloroiodid of zinc (25, 
P- 300), This stains the sporangium wall a light blue or purple and the 
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contents yellow. Next occurs a sudden bursting outward of the papilla, 
which can be seen in strip B. It was distinctly seen that there is no 
■bursting of a membrane, but rather a stretching of the apparently gelati¬ 
nous substance of the papilla itself into a thin plasma membrane, which 
ordinarily remains intact, holding the contents together, until a large 
part or rarely all of the protoplasm is out of the sporangium. The mem™ 
brane then gives way all at once, possibly by becoming dissolved rather 
than bursting at any one point, and the zoospores free themselves from 
one another and swim, away in all directions. This stage is shown in 
Plate 11, C. By comparing the extremities of the strip, it will be seen 
that change is rapid at this stage. The pictures are taken at the rate of 
16 per second. At this stage also flagellae may often be seen lashing out 
, on all sides of the protoplasmic mass at the mouth of the sporangium. 
With a large sporangium, which may contain as many as 64 zoospores, 
those that escape first in a single body usually become free and swim 
away before the last are out. This condition is evident in E. In such 
a case it is interesting to watch the amoeboid movements of the final 
parts of the protoplasmic mass. Figures F and G show the final stages 
of this- very interesting phenomenon. Plate 8, B, also shows different 
stages of zoospore emergence, as drawn with the aid of the camera lucida. 

Zoospores are so active when first they become free that it is impossible 
to catch any but 'the faintest glimpse of the flagellae. Many observa¬ 
tions under different conditions, however, revealed bit by bit the various 
phases of their activity. Perhaps the best view of them in their normal 
activity was obtained in the slightly dull light of late afternoon, with the 
direct light from the blue sky and a 2.5-mm. Zeiss water immersion 
lens. This particular light appeared to provide the correct conditions 
for displaying fhe delicate flagellae. These observations wefe possibly 
still further favored by a low temperature, which appears to slow up the 
movements of the organism. 

The zoospores are the usual Phytophthora type, kidney-shaped, bicil- 
iate, contents granular, and nucleus indistinctly visible in the unstained 
specimens They measure 8 to 9 by 11 to 13 /x while active, gradually 
rounding up as they lose their activity. Eventually they are globose 
and measure from 8 to 10 /x in diameter. The flagellae are attached 
close together in a longitudinal groove on one side. As the swarm spore 
swims along with its more pointed end forward, the anterior flagellum 
is the shorter, being approximately twice the length of the spore: 
It lashes violently back and forth. The posterior one is about 
2% times the length of the spore and drags along without much 
motion. As the zoospore gradually comes to rest, slight enlargements 
may be seen on the ends of the flagellae. As these droplets become larger 
the flagellum shortens by what appears to be a process of deliquescence. 
This has been observed in connection with some of the water molds and 
has evidently been observed in Phytophthora as well, for Sawada pic¬ 
tures it in connection with Phytophthora allii Sawada (22, PL r). The 
droplets approach the spore as it becomes quiet and round, and it is 
presumed that they drop off, though this has not been confirmed by the 
writer. One spore under observation for 15 minutes showed the drop¬ 
lets still not quite in contact with the spore, and it was lost before any 
further change took place. Most zoospores after having come to rest 
do not have these droplets attached. Plate 9, A to C, are camera-lucida 
drawings made from fixed materials. A slide showing swarm spores in 
various stages of activity was held for about i5 seconds over a bottle of 
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2 per cent osmic acid. This killed the spores instantly. Then very dilute 
aqueous gentian violet solution was applied, resulting in the immediate 
staining of the spores. The flagellae too, being at rest, were distinctly 
visible, and in certain cases their position would seem to indicate their 
instantaneous cessation of normal active motion. ■ The osmic acid dark¬ 
ened the oil contents of the spores sufficiently to interfere with the view 
of the structure of the protoplasm; consequently no attempt was made 
with this material to draw the cell contents. Figure A of Plate 9 shows 
spores in varying positions, with flagellae. Figure B shows different 
stages in their deliquescence and disappearance. Here is seen a rounded 
spore that has come to rest with the droplets still attached. Figure C 
shows zoospores that are abnormal or that had not sufficient time,,, 
before being killed, to round out into normal. 

Within an hour or two after motility ceases zoospores often begin 
to germinate. Plate 9, D, consists of drawings of germinating zoospores 
in different stages of growth. Germination in water sometimes results 
in the formation of small conidia, normal in appearance, as shown in F, 
These may produce zoopores, or may germinate by germ tubes and 
continue the vegetative growth. At times also small ehlamydospores 
may be formed (PI. 9, E). Germination on a plate of com meal agar 
resulted in the development of normal vegetative hyphae such as occur 
when the host plant is infected with zoospores. Figures K, L, and M 
in Plate 10 consist of photomicrographs of germinating zoospores in 
different stages. 

cultural characteristics 

'The appearance of this Phytophthora, as of others, differs considerably 
on different media. It was not grown on an extensive list of media 
for the express purpose of making comparisons, but on those used for 
special purposes, observations were made as follows: 

Corn meal agar (30 gm. corn meal, 20 gm. agar, 1,000 cc. water). 
At first growing on and beneath the surface, the organism very quickly 
(usually by the second day) produces aerial hyphae which, in mass, 
present a loose, Huffy, semitransparent appearance rather than a pure 
white, cottony appearance, such. as occurs with many fungi producing 
colorless hyphae. Mature sporangia may be found on the fourth day, 
though they are not present in greatest abundance until the culture is 
from 10 days to 2 weeks old. Chi amydospores and oospores may often 
be found attached to the glass above the surface of the medium, especi¬ 
ally if a thin layer of the agar were left there while the tube was being 
slanted. 

Oatmeal agar (100 gm. ground Quaker oats, 20 gm. agar, 1,000 cc. 
water). The growth is similar to that on corn meal agar, except that 
the aerial mycelia become more dense. This medium is very good for 
the development of oospores, which occur profusely in the surface layer 
after it dries out a little. 

Lima bean agar (100 gm, lima beans in 2 per cent agar). Growth is 
similar to that on com meal agar, except that the surface and subsurface 
development is more pronounced and of longer duration before the 
aerial hyphae develop, and the latter growth is not nearly so dense. 
This medium is a very good indicator as to the purity of a culture. 
Bacterial contaminations become evident very soon, if they are present. 
It is also good for the production of oospores, which are sometimes found 
in great abundance embedded in, the surface layers. 
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• Various sterilized vegetable plugs were used. Bastur has noted 
(10, p. 217) that Phytophthora parasitica failed to develop on sterilized 
carrot and sterilized sweet potato. The .writer’s strain grew very readily 
on these media, producing a tough superficial mat of hyphae at first, and 
after a few days a dense white cottony growth. The growth was similar 
on string bean plugs and on sterilized potato. On none of these vegetable 
plugs were sporangia produced to any great extent. 

The organism is very tolerant to acid, at least to that found in the rhu¬ 
barb stem, as might be expected from its habits in nature. It grew in 
pure culture, though somewhat slowly, in rhubarb decoction that titrated 
roughly to phenolphthalein 0.07 N ( + 70 Fuller’s scale). Haas (12) gives 
the following figures for the acidity of different parts of the rhubarb leaf 
stalk; basal part, actual acidity or concentration of free hydrogen ions, 

, determined electrometrically, 0.0007 N; intermediate part, actual acidity 
0.0005 N, total acidity 0.1578 N; green part below leaf blade, actual 
acidity 0.00022 N, total acidity 0.1681 N. As Haas states, there is here 
shown a great difference between the total and actual acidities, which 
difference is probably advantageous to the plant’s metabolism in that it 
helps to maintain fairly constantly that actual acidity which is most 
favorable. Even the actual acidity is unusually high, however, as is 
iShown by the same author in another paper (r5), in which he compares it 
'with soybean, the former having a P H of 3.36 (acidity 0.00044 N) and 
the latter of 5.85 (acidity 0.0000014 N). The acidity, however, does 
not prevent the active invasion of the Phytophthora into all parts of the 
stalk, as has been shown repeatedly by observations in the field and inoc¬ 
ulations into rhubarb stalks in the laboratory. Neither is high acidity 
requisite to the rapid growth of the organism, as is shown by its ability 
to grow on a wide variety of artificial culture media and on many common 
fruits and vegetable roots. 

In the winter of 1917 inoculations were made into the starchy food¬ 
storing roots and tubers of various plants. This was repeated in 1920-21 
with a wider range of hosts, including certain fruits. The roots and fruits 
were first thoroughly siirface sterilized by immersing for 10 to 15 minutes 
in 1 to 240 formaldehyde, then wrapped in a dry towel and allowed to 
stand overnight. The inoculations were made by cutting a deep slit with 
a sterile scalpel and inserting the inoculum from a vigorous culture about 8 
days old. The specimens were then placed in moist chambers and allowed 
to stand 2 to 4 days. 

Stayman Winesap and Grimes Golden apples were both rapidly 
attacked, the fungus growing in toward the center as rapidly as it spread 
beneath the skin. The decay of the fruit was light brown or tan in color 
and of a soft and mealy consistency. Typical hypae could be found at 
any point in the advancing edge of the decayed area. Reisolations were 
easily secured free from contaminations, from the advancing edge 
beneath the skin, or from the interior of the fruit. Seeds that had been 
reached by the fungus in one of the fruits when planted in a plate of 
com meal agar gave a pure culture of it. Parsnips (Pastinaca saliva L.) 
were readily attacked with a soft, wet, but not watery decay and a 
characteristic pinkish or light purplish discoloration of the surface. 
Carrots (.Daucus carota T.) also were rapidly decayed, with a clear watery 

* ndition developing darker in color than the normal. The decay spread 

the growing leaves and quickly involved them. Turnips (Brassica 
l^TTpalt,) decayed more slowly and did not lose their hard texture, but a 
distinct blackening of the interior occurred. SVeet potatoes (Ipomoea 
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batatas Poir) were readily attacked, with a firm dryrot, and the pto^ 
duction of a distinct rose-geranium odor that is always evident in soft- 
rot due to Rhizopus nigricans Ehr. (14, p. 341 ). White potato (Solanum 
tuberosum L.) decayed rapidly with exactly the same symptoms as those 
described by Pe thy bridge for Phytophthora erythrosepiica Pethyb. (18 ). 
The pink color, though not evident when the tuber was first cut, developed 
in the course of half an hour's exposure to the air. This was especially 
striking when first seen, because of its unexpectedness. It was followed 
by a change to dark brown as with the other species. Tomato fruits 
(Lycopersicon esculentum Mill), green and ripe, were rapidly attacked, 
with the spread of the fungus through the interior with brown dis¬ 
colorations. No aerial mycelium developed. Dasheen (Colocasia anti¬ 
quorum Schott) corms were not attacked by the fungus, though the 
same moisture and temperature conditions prevailed as with all the 
others. Onion (Allium cspa L.) was not decayed, except slightly in the 
particular layer in which the inoculum was placed. 

The whole series was in duplicate, with a third specimen punctured, 
but not inoculated, as a control. All controls remained intact. Later 
the entire series was repeated with identical results. Reisolations of the 
organism into pure culture were made from all except the onion and the 
dasheen. Plate 12 consists of photographs of the different specimens,y 
showing the nature of the decay produced. 

Temperature has a marked influence on the development of the organ¬ 
ism. Corn meal agar plates were placed in a series of Altmann con¬ 
trolled temperature incubators ranging from about 4 0 to 40 0 C., with 
intervals of from 2 0 to 3 0 . The cardinal temperatures, as indicated by 
extent of vegetative growth, were approximately as follows: minimum# 
13 0 ; optimum, 30°; maximum, 36°. It will be seen that this organ¬ 
ism is like the tropical forms in having very high temperature require¬ 
ments. This explains the facts noted elsewhere in regard to season of 
active parasitism. 

INOCULATIONS INTO OTHER PLANTS 

No very wide range of growing plants was inoculated, due partly to 
lack of time and partly to the unsatisfactory results of previous investi¬ 
gators. In this connection Wilson (30, p. 77) says; 

A comparison of the results published by the various authors tends to throw decided 
doubt upon the value of tills method [cross inoculations] of delimiting species in this 
genus, as practically any species of Spermatophyta, which is in nature subject to the 
attacks of any Phytophthora, is likely under laboratory conditions to be more or less” 
severely attacked by almost any other species. Indeed, some of the hosts recorded for 
various species of the genus are not known to harbor these fungi in nature. It would 
appear, then, that the parasitism of Phytopthora is of such a low order that it will not 
admit of their being differentiated into races as are certain of the Uredineae for example. 

To consider one case: Phytophthora cactorum (Lebert and Cohn) 
Schrot, originally isolated from a species of cactus, was later found in 
Japan and America (20) on ginseng and still later in Europe (31) and 
America (i f 28) on apple and pear. Such inoculations may be, however, 
of direct value in some cases, and a few were made with the rhubarb 
Phytophthora on hosts of closely related species to determine whether the 
signs, if any, produced on the plant would be the same as those caused 
by the fungus originally obtained from it. ? ’ m 

Castor bean (Ricinus communis L.) inflorescences were cut from plau ^ 
and inoculated in the laboratory, as was done by Dastur with Phyfofm* 
thora parasitica. Mal^and female buds were attacked and discolored, 
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but 110 fruiting of the fungus occurred. ’Further inoculations were made 
with zoospores and with mycelium from a culture, on the young growing 
sqflor* .sconces and leaves of castor beans, numbering six in all. Definite 
sigtn^of infection resulted, which were, however, confined to small, 
irregi^r spots and did not spread. No fruiting of the fungus occurred, 
even though high humidity and a favorable temperature were main¬ 
tained. Six inoculations each similarly made on young tomato plants 
(Lyco persicon esculentum) 
and on young dasheen 
-leaves (Colocasia antiquo¬ 
rum) failed to produce in¬ 
fection.' 

HISTOLOGICAL STUDIES * 

The time available for the 
study of the problem was' 
too limited to permit of go- 
' ing deeply into the matter 
of penetration and infection 
of the host. One mount 
was' made after the manner 
described by Vaughan (27) 
of a portion of the epidermis 
of a rhubarb stalk, at a point 
recently inoculated with 
zoos pores. This showed 
hyphae arising from germi¬ 
nating zoospores, growing 
along the surface, and' in 
one case, at least, penetrat¬ 
ing a stoma. Whether this 
is. the regular method of 
penetration is not com¬ 
pletely worked out. After 
entering the host, however, 
the fungus is principally 
intercellular. F igure 3 co n- 
sists of semidiagrammatic 
camera-lucida drawings of 
free-hand cross sections of a 
rhubarb leaf stalk show¬ 
ing intercellular hyphae and a haustorium. Cell wall penetration 
takes place occasionally by means of a fine constriction, enlarging 
after penetrating, to normal size. Figures I and J of Plate 10 show 
such penetration, as well as the intercellular hyphae. The sections 
from which these slides were made were cut from a block taken from 
the base of* the stalk shown in Plate 1, B. In the only cases of such 
penetration actually observed the fungus did not continue to grow 
through the cell, but appeared to develop into haustoria, both the short, 
button-shaped and the finger-like forms having been seen, such as those 
pictured by Dastur for Phytophthora parasitica ( 10 , PL III). The fixed 
material was killed in Fleming’s weak killing fluid, sectioned 6 ji thick, 
and stained with Pianeze III B stain (27). Another stain found by the 
^au thor to differentiate quickly the fungus within the host was a new 
20516 — 2 *-- 2 



Fig. 3. —Semidiagrammatic camera-lucida drawing showing 
intercellular mycelium and penetration of a cell wall. One 
space in the scale represents to u. 
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combination, a modification of a stain used by B* G. Arzberger, of the 
Office of Agricultural Technology, Bureau of Plant Industry. This 
consisted of applying with a dropper strong acid fuchsia, in 95 per cent 
alcohol followed by dipping in absolute alcohol till the excess is washed 
away. Then a saturated solution of Lichtgrfin in clove oil is applied. 
This acts as both a clearing agent and a stain. It removes the red 
from the host tissue, except lignified tissue such as is found in tire 
fibrovascular rings, replacing the red by light green. The gradual 
differentiation here can well be observed under the microscope. The 
clove oil is removed with xylol, and balsam is then applied as usual for 
making the mount permanent. The duration of the stain is not known 
to the writer, hut mounts several months old are still good. 

TAXONOMY OF THE FUNGUS 

There are so many characters common to -all the described species of 
Phytophthora that it is necessary carefully to consider each of them 
before undertaking to determine the proper taxonomic position of a new 
strain. In this case all but one were eliminated by some definite morpho¬ 
logical differences. It was thought well, however, to take into con¬ 
sideration to some extent as well the reactions to different culture media 
and to different hosts. In the writer’s opinion, the effect on the starchy 
roots, tubers, and fruits of certain plants may prove, after more exten¬ 
sive trial, to be very helpful in delimiting species. 

No effort will be made here to point out a multitude of differences in 
any particular case between the rhubarb Phytophthora and the one 
with which it is compared. It is considered necessary only to give the 
briefest possible consideration to each case, pointing out one or two 
clear-cut differences that will suffice to distinguish them. 

Phytophthora fagi (Hartig) Hartig, P. cactorum (Lebert and Cohn) 
Schrot., P. syringae (Klebh.) Klebh., and P. nicotianae Van Breda de Haan, 
as listed by G. W. Wilson (30), can all be set aside on the start as having 
the paragynous rather than the amphigynous (17, p. 125) antheridia. 
In this class also would fall P. jatrophae Jensen and P. faberi Maub, 
(P. theobromae Colem.) (7) at least tentatively, for the sexual phases of 
this fungus do not appear to be perfectly understood. Other morpho¬ 
logical characters, however, clearly differentiate the species from ours. 
Here also should be included P. omniuora De Bary, for several of the 
fungi that were included under this name are in this respect like the 
others mentioned, although Wilson (30, p. 80) states that “ as P. onmiwra 
De Bary is here recognized as an aggregate of undetermined affinity, 
it need be considered no further.” Here, too, would fall Beach’s rhubarb 
Phytophthora (a), a culture of which was kindly furnished the writer. 
In the culture, oospores were found with the antheridium distinctly 
attached at the side of the oogonial pedicel, as with P. cactorum (Cohn 
and Lebert) Schrot. rather than surrounding it. Other cultural char¬ 
acters which will undoubtedly be brought out later by its discoverer 
. distinguish his organism unmistakably from that of the present writer. 

Phytophthora palmivora (Butl.) But!. (3, 4) differs morphologically 
and physiologically from the writer’s species. 

There is left, then, the list given by Pethybridge and Lafferty (19 v 
P- 497) in their paper on Phytophthora cryptogea Pethyb, and Lab, all hav¬ 
ing the amphigynous antheridia, as does the species under consideration, 
which adds one more to # the growing list of species with this character. 
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Phytophthora infestans (Mont.) De Bary is clearly distinct from the 
writer’s species. Besides the sharp morphological differences, including 
the enlargements in the conidiophores so typical of that species, the 
smaller conidia 27 to 30/z by 15 to 20/x, and the larger oospores, 34 to 50/1 
by 24 to 35/x, there are physiological differences that clearly distinguish 
them. P. infestans produces oospores to only a slight extent, while in 
rhubarb Phytophthora they are abundant. The optimum temperature 
for zoospore production with P. infestans is from 12 0 to 13 0 C., according 
to Melhus (16), while with the winter’s they form very quickly at room 
temperature, the lower temperatures inhibiting their development. 

Phytophthora phaseoli Thaxt. also is clearly different, judging by 
Clinton’s account of that organism (6). With it, too, there are nodal 
swellings in the conidiophores, these being entirely absent in the writer’s 
form. The sporangia appear to average somewhat smaller (17 to 35/x 
by 28 to 42ju) and the oospores considerably larger (26 to 28/x). The 
antheridia are only temporary with phaseoli, whereas they are persistent 
with the writer’s species. 

No very complete account is given anywhere of Phytophthora thaliciri 
Wilson and Davis; but from the description given by Wilson (29, p. 59a) 
and Clinton’s (7, p, 8 q 4 ) subsequent reference to it, it seems safe to 
consider it distinct. In the first place its conidiophores are distinct, 
developing in fascicles from the stomata; tire sporangia are very much 
smaller than on the writer’s species (20 to 27// by 13 to 17/x), and the 
oospores, unknown at first and then later described by Clinton, are 
somewhat smaller (1S.5 to 25jet). The fact that it appears to be a leaf- 
attacking form primarily rather than a soil-inhabiting and decay- 
producing fungus, indicates in itself that they are different. 

Phytophthora arecae (Colem.), Pethyb., found on the Areca palm in 
India (8), has oospores that are much larger (23 to 38/x), the sporangia, 
too, running considerably larger in both dimensions than those of the 
writer’s species (20 to 45/x by 30 to 71/x). 

The rhubarb Phytophthora is similar to Phytophthora erythroseplica, 
Pethyb., in some respects. Its effect when inoculated through a wound 
into potato tubers is almost identical with that organism. But the 
conidia are distinctly different, the rhubarb species having distinct 
papillae, the other not (18). The oospores of this form are distinctly 
smaller than those of the other. 

The morphological differences are not marked between the rhubarb 
fungus and Phytophthora parasitica Dastur (10). P. parasitica, however, 
produces distinct spots on affected leaves of the castor bean, the under 
side of which bears conidiophores issuing from the stomata. Inoculations 
made with the rhubarb Phytophthora resulted in the appearance of 
spots different from those produced by P. parasitica and did not result 
in the production of sporangia. The growth of the two organisms on the 
various media was similar, as indicated in general by Dastur’s account 
(jo p. 21X-217) except that his organism did not give the slightest growth 
on sterilized slabs of carrot and sweet potato, whereas the writer’s pro¬ 
duced copious growth 011 both. This proved later not to be a legitimate 
comparison, however, for a strain of P. parasitica obtained from Dr. 0 . D. 
Sherbakoff, of the Tennessee Experiment Station, grew practically as 
well on these media in the form of steamed plugs as did the rhubarb 
species. P. parasitica , as reported by Dastur, would not affect tomato 
fruits, even when they were wounded, while the writer’s spread very 
rapidly into the interior of such wounded fruits. Oospores failed to 
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develop on corn meal agar (10 p. 22J) while with the writer’s they were 
often seen to form in that medium. Finally, the oospores of P. parasitica 
measure from 15 to 20 p in diameter, on an average 18.6 p, which is very 
much smaller than the writer’s, in which the average is about 25 p. 

It seems advisable here to call attention to the fact that the measure¬ 
ments given by Rosenbaum (21) for Phytophthora parasitica differ essen¬ 
tially from the original description by Dastur. By some mistake lie 
must have received a culture supposedly P. parasitica but, judging by 
Ills figures and description, certainty different from that organism when 
compared with the original. A personal examination of both Rosen¬ 
baum’s culture and a true culture of P . parasitica obtained from Sherba- 
koff further establishes this difference and leads to the surmise that the 
culture in question is P. colocasiae Racib.. instead of P. parasitica . No 
attempt was made to verify this supposition. 

Phytophthora colocasiae as described by Butler and Kulkami (5), can 
be distinguished at once morphologically from the rhubarb species. Its 
sporangia measure 38 to 60 p by 18 to 26 p, that is, distinctly elongate, as 
compared with those of the rhubarb species, which are seldom if ever 
more than half again as long as broad. Its zoospores are very large 
(15 to iS p by 9 to 12 jjl when in motion and 10 to 13 jjl when at rest). 
There are only about 20 to the sporangium. The writer’s measure 8 to 
9 p by 11 to 13 p and 9 to 10 p in diameter at rest, and as many as 64 
may occur in the sporangium. With P. colocasiae the sporangia are 
easily detached from their conidiophores, and a portion of the pedicel 
remains attached. In the rhubarb fungus they are very seldom seen 
detached, and never have been observed free, with a distinct pedicel. 
1 lie oospores are about the same in size and similar in manner of develop¬ 
ment. 

Phytophthora cryptogea, Pethy bridge and Lafferty, (19) has oospores of 
about the same size, averaging 25 p, and likewise the sporangia are practi¬ 
cally the same size, but they lack the apical papillae or at least the papillae 
are indistinct, which constitutes a distinct difference from the rhubarb 
form. In addition, a continuation of the growth of the fungus through 
an empty sporangium, with the formation of a new one either inside the 
walls of the old or just beyond*, often occurs with P. cryptogea, whereas 
it has never been observed for the rhubarb species. It is like the rhu¬ 
barb species in being actively parasitic when inoculated into apples and 
turnips but differs in not finding carrots and parsnips equally congenial. 
One strong point of difference is that it reluctantly produces spores of 
any kind. The rhubarb species produces all forms very readily. 

Phytophthora allii Saw. (22), described in 1919 on Allium fistulosum L. 
in Formosa, has distinctly larger sporangia, averaging 49.4 by 36.5 p, 
which fell off with persistent pedicel, in this respect, too, differing from 
the rhubarb species. 

Phytophthora meadii McRae (15), the most recently described species 
of Phytophthora, has sporangia distinctly different from the writer’s in 
that they are very much more elongate, measuring 33 to 67 by 14 to 28 p; 
moreover, the scarcity of chlamydospores is emphasized, while with the 
writer’s, they are very abundant. 

We now come to Phytophthora terrestria Sherb. (23) and P. melongenae 
K. Sawada (22). In a personal letter from Dr. Sherbakoff dated Febru¬ 
ary 12, 1921, he stated that it was his desire that his organism be referred 
to hereafter as P. terrestris (the former ending being grammatically incor¬ 
rect) . Pethybridge andJLafferty (19, p. 497) have stated as their opixpc 
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that these two species (P. terrestris Sherb. and P, melongenae K. Sawada) 
are synonymous but that no definite conclusion could be reached without 
more complete descriptions or a comparison of cultures. Likewise Butler 
(4, p. 82) has stated that P. terrestris is identical with P. parasitica . Be 
that as it may, the sporangia of P. melongenae , as noted from Tanaka’s 
translation (22), average 42.4 by 33.9 ju, or somewhat larger, and the 
oospores are from 17 to 21 /x in diameter, or distinctly smaller than the 
writer’s. Other differences determined from a study of the original paper 
(22) with the aid of Dr. Tanaka are the apparent lack of haustoria in 
P. melongenae , and differences in the effect on other hosts, particularly 
tomato and potato. The oospores of P. terrestris are likewise smaller, 
being 18 to 21 /x in diameter. The conidia and chlamydospores average 
practically the same. A comparison of cultures affords further evidence 
that the two differ. P. terrestris invariably produces on corn meal agar 
plates the peculiar “tufted” growth pictured and described by Sherba- 
koff (23, p. 123-126). The rhubarb form on this medium starts almost 
at once to produce an aerial growth. The contrast between the two is 
shown in Plate 6, C. Another difference is in their effect on tomato 
fruits. P. terrestris produces a profuse aerial growth on inoculated green 
fruits held in the moist chamber, as pictured by Sherbakoff (23, p. 120 ). 
This w r as verified with the same organism by the writer. Those inocu¬ 
lated with the rhubarb fungus produced no aerial growth except very 
slightly at the wound itself, its spread being entirely beneath the surface. 
These fruits were held as parallel inoculations in the same moist chamber 
with fruits inoculated with P. terrestris. 

The conclusions to be derived from this lengthy comparison with other 
described species of Phytophthora are that the strain from rhubarb is 
distinct from all except what might be called the Phytophthora parasitica 
group. It seems sufficiently like P. parasitica Dastur, morphological^, 
to be included for the time being at least, as a variety of that species. 
If this is done, then, as Pethybridge and Lafferty (19) have suggested, 
P. melongenae Saw. and P. •terrestris Sherb. should be included in the 
same category. 

A detailed description of the rhubarb organism follows: 

Phytophthora parasitica var. rhei, n. var. 

Mycelium at first continuous, later sparingly septate; 5 to 15^ in diameter, mostly 
intercellular, producing haustoria which may be small and subsphcrical, or finger- 
like; sporangiophores not distinguishable from the mycelium; sporangia terminal 
sometimes intercalary, normally ovate and papillate, sometimes spherical and lacking 
papillae, 21 to 42^ by 27 to 54M, mostly 24 to 35 m by 36 to 48/1, germinating by zoo¬ 
spores, rarely by germ tube; zoospores biciliate, 8 to 9/4, by 11 to 13/x, becoming globoid, 
8 to 10/3 in diameter; chlamydospores globose, 27 to 42/x; walls thick; oogonia in abun¬ 
dance in old cultures, 24 to 33/x in diameter, pale to brownish in color, penetrating 
through antheridium which remains attached at base; antheridia variable; oospores, 
globose, thick-walled, 21 to 30 p, mostly 24/x in diameter; growing profusely on most 
vegetable culture media. 

Parasitic in base of leaf petioles and roots of rhubarb ( Rheum rhaponticum L.) in 
Maryland, District of Columbia, and Virginia, United States of America; type local¬ 
ity, District of Columbia; type culture in Bureau of Plant Industry, Washington, D. C. 

CONTROL MEASURES 

Spraying experiments with Bordeaux mixture 4-4-50 and with Bor¬ 
deaux dust were started on a small scale at Arlington Farm, Va., in the 
summer of 1920 during the height of the season favorable for infection. 
Conditions in no wise favored an extensive spraying experiment at this 
time, however. In the first place, there was n <3 assurance early enough 
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in the season of the presence of general infection. When sprays were 
finally applied, infection was in many cases already present in the plants. 
Then experimental work in a distant locality compelled the writer to be 
absent from headquarters for several months, so that when he did return 
it was too late to get complete data on the work done. A present con¬ 
sideration of spraying as a control measure for this disease, therefore, is 
more or less theoretical. The erratic occurrence of the disease, because of 
its absolute dependence upon weather conditions, appears to be suffi¬ 
cient justification for publishing what is available on the subject now, 
rather than waiting for the uncertain developments of another season. 

An examination was made in the spring of 1921 of the field in which 
the experimental spraying was done. All plants that were alive were 
well along in their spring growth. It was very evident that a large pro¬ 
portion of the plants had been killed by the disease during the previous 
season. Of a total of 87 plants alive at the beginning of activities in 1920, 
7 had been killed by artificial inoculation. Twenty-five of the remainder 
had been sprayed, and of these only 3 plants, or 13.6 per cent, had died. 
Of the 55 unsprayed plants, 25, or 45.5 per cent, were missing. It is 
certain that many, if not all, of these had succumbed to the disease. 
This would indicate a beneficial effect from the spraying, in spite of the 
fact that infection was present in some of the plants when the spraying 
was done. It gives some ground, therefore, for tentative conclusions in 
regard to the value of spraying; 

Basing conclusions on general information as well as on this experi¬ 
ment, it would seem to be safe to recommend Bordeaux mixture as a 
preventive against infection during the comparatively short period in 
the summer when infection may take place. The spray should be applied 
with some force directly into the crown of the plant, covering the bases 
of the leaf stalks, and leaving a surplus to soak into the crown and the 
ground about it. Its first effect is, of course, lethal to any of the fungus 
with which it comes into immediate contact, at least to any not in thick- 
walled resting condition. There still remains to be determined the effect 
of copper in different concentrations on such thick-walled spores. The 
effect of the spray as a fungicide may last over a considerable period. 
The copper comes into solution gradually; consequently drying merely 
holds it in the very place where it is needed—that is, in the crown of the 
plant—to become available when it is needed during the next wet period. 
The very rain which would normally start the fungus into renewed growth, 
with the production of zoospores, would also still further distribute and 
make effective the fungicide. The distribution of the disease from one 
plant to others in its vicinity, which undoubtedly occurs extensively in 
nature, would also be prevented by an application of Bordeaux. The 
spattering of the water which normally distributes the zoospores of the 
fungus would carry the fungicide with it as well. In the experiments 
referred to the fungicide applied July 12 was persistent a month later, 
■despite heavy rains that occurred in the interim. No analysis was made, 
but the abundance of blue stain present indicated that copper was present 
in sufficient abundance to be effective. The staining of the leaf stalks 
would not, under practical conditions, be an objection to the spray, since 
the main harvesting season is over long before the danger season begins. 
No injurious effects whatever have been observed on any of the sprayed 
plants. Caution should be observed not to soak the ground too freely 
or too frequently, for an excess of copper would, of course, injure the 
ground permanently fordhy crop. 
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In a large commercial field there would be no need for spraying the 
entire plantation unless the widespread occurrence of the disease indi¬ 
cated this need. Application could be confined to those plants in the 
immediate vicinity of spots where the disease definitely occurred the 
preceding season. Consequently, a small machine, such as a knapsack 
sprayer or a small pressure sprayer (which was used by the writer), is 
satisfactory under ordinary circumstances. 

In addition to the spraying, to prevent infection of plants near those 
definitely attacked by the fungus, the observance of sanitary precau¬ 
tions is exceedingly important. Diseased plants should be dug up and 
destroyed, with all the dead parts found lying on the ground. Eyery 
vestige of the large fleshy roots showing the presence of decay should be 
removed. Then a heavy application of formaldehyde of the usual 
strength for soil sterilization, 1 part commercial formalin to 100 parts of 
water, should be made to the hole where the plant stood. To replant 
rhubarb without this sterilization would be a waste of time, for the new 
plant could not be expected to live through the season. Repeated ob¬ 
servations have shown this to be the case (p. 2, text and footnote). In 
a field in which control measures have not been taken, cultivation may 
spread the disease along the row. In fact, this appears to be one of the 
means by which spread occurs. Tong vacant spaces in the rows in 
which the disease has occurred indicate this. 

This disease is undoubtedly spread widely by means of the root divisions 
in the ordinary commercial propagation and distribution of rhubarb. 
To prevent this, one should be sure that his roots have come from a 
field in which the disease does not occur, or at least from a clean portion 
of the field. If this can be relied upon, no further measures will be nec¬ 
essary. Where there is a strong chance that roots have come from dis¬ 
eased fields, examination and occasional cutting with a sharp knife will 
disclose the presence of actual decay in the roots if it exists. Such roots 
should be discarded. A thorough wetting of suspected roots with formal¬ 
dehyde 1 to 100, followed by covering them with burlap bags or canvas 
for several hours, is a still further measure against starting the disease 
in a new field. A careful experiment by the writer showed that this is a 
very effective method of killing most of the surface fungi on the roots 
and that it does not injure the roots for propagating. Rhubarb when 
dormant is very hardy and will endure rather extreme conditions of cold, 
drying, chemical treatment, or other unfavorable conditions. 

SUMMARY 

(1) A disease of rhubarb, caused by Phytophthora parasitica var. rhei y 
is reported for the first time. The causal organism is distinctly different 
from one mentioned by Beach on the same host. 

(2) Its distribution has not been determined. It has definitely been 
found in Maryland, District of Columbia, and Virginia. It is probably 
much more widely spread. 

(3) The disease is primarily a footrot and rootrot of the rhubarb plant, 
resulting in its rapid and complete destruction. 

(4) Warm, wet weather over a considerable period appears to be 
requisite to the development of the disease. 

(5) The organism is readily isolated and grown in pure culture, though 
special methods of isolating are sometimes required. 

(6) , Inoculation experiments are described, in which the plants were 
almost invariably killed by the fungus. Reiso&tions were made. 
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(7) The morphology and physiology of the fungus are discussed In 
detail All forms of spores found in Phytophthora are readily produced 
in pure culture. The development and escape of zoospores from spo¬ 
rangia take place very quickly under laboratory conditions, making the 
fungus a desirable one for ready observation of these phenomena. 

"(8) The fungus is primarily a decay-producing rather than a leafspot- 
producing organism. It is capable of attacking the roots of many vegeta¬ 
bles other than rhubarb but has not been found on any other host under 
natural conditions. 

(9) The mycelium is intercellular though haustoria have been seen 
within the cells. 

(10) The organism is compared in detail with all previously described 
species of Phytophthora and is seen to be similar morphologically and 
physiologically to Phytophthora parasitica Dastur. It is therefore 
described as a variety of that species. 

(11) Limited control experiments and general observations point out 
spraying with Bordeaux mixture as a practicable control measure. This 
should be combined with careful sanitary measures. 
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PLATE i 

Rhubarb leaf stalks showing early stages of infection with Phytophthoraparasitica 
var. rhei. 

A. —Note wilting of the leaf and lesion at base of petiole. 

B. —An earlier stage of petiole infection than that shown in A. 










PLATE 2 

Phytophthora footrot of rhubarb, advanced stage. 

The causal organism is present, but contaminated with other fungi and with bacteria* 



PLATE 3 

A. —A decumbent rhubarb leaf stalk completely covered with Colletoirichum 
erumpens. 

B. —Recently fallen leaf stalk, with the same organism just making its appearance 
in distinct lesions. 

C. —Another rhubarb disease marked by yellowing of the leaves and a dry necrosis 
of the base. 
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PLATE 4 

A.—Phytophthora footrot of rhubarb, medium stage of natural infection. 

, B.—Rhubarb plant killed by artificial inoculation. The leaf stalks inoculated 
collapsed as in A, after which the organism entered the root, rotting it and causing 
the rest of the leaves to wilt. 




PLATE 5 

A, —Portion ot a rhubarb plant recently killed by Phytophtlxora footrot. The 
organism has advanced in the roots to the points marked X. 

B. —Section through portion of a rhubarb plant, showing one side killed and the 
other side succumbing to the advance of the fungus in the upper part of the root. 
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PLATE 6 


A. —Seedling rhubarb in pots, the one inoculated and the other not. 

B. —Rhubarb plant in the experimental field inoculated July 20, 1920, by applying 
the fungus from pure cultures at the wound left by pulling leaf stalks. Photograph 
taken six days after the inoculation. The plant was killed. 

20516—23-3 



PLATE 


- Petri dish cultures of Phytophthora parasitica var. rhei. 

■; AA contaminated culture. 

B. —The same strain secured in pure culture by inoculating into an apple and 
reisolating from the advancing edge of decay. 

C. —Phytophthora parasitica var. rhei (a) and Phytophthora terresiris Sherb. (b) com¬ 
pared, on corn meal agar. 



A Phytophthora Footrot of Rhubarb 


PLATE 7 





PLATE 8 


Camera-luctda drawings of Phytophthora parasitica var. rhei. 

A. -—Outline drawing of an intercalary chlamydospore, showing the thick wall*, 
somewhat exaggerated. 

B. —Various stages in zoospore emergence. 

C. —Sporangia in outline, showing relation of granular protoplasmic contents to the 
papillae. 

D„ E, and F.—sSporangia as found in pure culture, attached to irregular hyphae. 

G. —Oospore, showing relation of oogonium and antheridium on separate hyphae.. 

H. —Oospore with the antheridium apparently an outgrowth of the same hypha as 
that from which the oogonium developed. 

I. —A sporangium drawn to show better than in C the relation of protoplasm to the 
papilla. Note also the thin wall of the papilla in contrast with the thick sporangium 
wail ending abruptly. 

Each scale division represents i/ioo mm. 



PLATE 9 

Camera-iucida drawings of Pkyiaphthora parasitica var. rheL 

A. —Different views of ■ zoospores killed with osmic acid fumes and stained with 
dilute gentian violet. 

B. —Zoospores gradually coming to rest, showing enlargements at tips and disappear¬ 
ance of the dagellae* 

C. —Irregular zoospores, one of them with four flageliae, consisting probably of two 
individuals not yet pulled apart. The others also were killed shortly after emergence, 
before they had time to attain normal shape. 

D. —Germinating zoospores in different stages. 

M .—Germinated zoospores producing chlamydospores. 

F.—Germinated zoospore with production of sporangium. 

. G, H.—Sporangium production from pure cultures. 

Each scale division represents i/ioo mm. 
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Photomicrographs of Phytopkthora parasitica var, rhei. 

A. —(Center) oospore, with focus on stalks of antheridium and oogonium. 

B. —Same with focus on oospore wall. 

C. —Another oospore, showing attachment of the oogonium and its relation to the 
antheridium. 

D. —Another oospore. 

E. —A sporangium, showing granular protoplasm and papilla, 

F. —A laterally attached chlamydospore. 

G. —An intercalary sporangium. 

H. —-A sporangium killed with osmic acid fumes just before emergence of the zoo¬ 
spores would have taken place. After killing the slide was treated with chloroiodid 
of zinc, which stained the walls a light blue and the protoplasm yellow. Note the 
cleavage at this stage into distinct individuals. The papilla also is clearly shown, 

I. J.—Intercellular hyphae and cell wall penetration. Note in both the slender 
hypha at point of penetration and enlargement afterward. J shows what appears to 
be a typical haustorium. 

K, L, M.—-Various stages in zoospore germination. 



PLATE n 


Progressive stages in the emergence of zoospores of Phytophtkora parasitica var. rket r . 
as shown by reproductions from a motion-picture film. 

Strip B follows A immediately on the film, and shows the rapid bursting outward of 
the papilla. The spot just in front of the sporangium is a zoospore from another 
sporangium. It has come to rest in a very unsatisfactory position. The glow of light 
just at the opening of the sporangium is another unsatisfactory feature which could 
probably be eliminated with more experience. 

Strips C to G were taken from widely separated intervals in the him, and show- 
subsequent stages in the escape of zoospores. 
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PLATE 12 


Effect of Phytophthom parasitica var. rhei> on different plants, the darker area in each 
case being the region penetrated by the hyphae after three days' incubation, 

A. “-Parsnip. 

B. —Sweet potato. 

C. —Carrot. 

D. —Tomato. 

E. —Stayman Winesap apple, 

F. —Tumip. 

G. —Potato. 




SAND DROWN, A CHLOROSIS OF TOBACCO DUE TO 
MAGNESIUM DEFICIENCY, AND THE RELATION 
OF SULPHATES AND CHLORIDS OF POTASSIUM: 
TO THE DISEASE 1 

By W. W. Garner, Physiologist in Charge , J. E. McMurtrey, Assistant , C. W. 
Bacon, Assistant Physiologist , Tobacco and Plant Nutrition Investigations , Bureau 
of Plant Industry, United States Department of Agriculture , and E. G. Moss, 
Awwfontf, Tobacco and Plant Nutrition Investigations, Bureau of Plant Industry, 
United States Department of Agriculture, and Assistant Director, Tobacco Branch 
Station , North Carolina Department of Agriculture 

DESCRIPTION OF SAND DROWN AND ITS EFFECTS 

The disease of tobacco which has received the name “sand drown” 
bears no essential relation to true drowning from excessive moisture in 
the soil. On the contrary, as indicated in. the name itself, the disease 
is likely to be most severe on deep, sandy soils which never become 
water-logged. The trouble is aggravated by heavy rainfall, as suggested 
by the word “drown;” but, as will be subsequently developed, the 
effects of the rainfall are chiefly those of leaching rather than of the 
presence of the water itself. The dominant symptom is a characteristic 
type of chlorosis in which the yellow as well as the green pigments of 
chlorophyll are affected. Thus, in the affected tissue the color is a 
dull, very pale yellow, and in extreme cases almost pure white. This 
color is readily distinguished from the clear lemon or orange color com¬ 
monly observed in the healthy leaf which has been exposed to darkness 
for a brief period of time or has undergone partial curing. The chlorosis, 
begins on the lowermost leaves and at the tips of the leaves affected. In 
advanced stages practically the whole area of the leaf is involved and 
nearly all the leaves of the plant may be affected. The advance of the 
chlorosis is from the tip and the margin toward the base and the central 
zone of the leaf. Successive stages in the progress of the bleaching effect 
in the leaf are shown in Plates 2 and 3. Sand drown rarely appears in 
the field till the plants have attained considerable size, more commonly 
after topping, so that the leaves usually attain the normal size and shape, 
as is indicated in Plate 1. The veins of the leaf, as well as the tissue 
immediately adjoining the veins, show a tendency to retain the normal 
green color long after the remaining leaf tissue has become blanched. 

The disease is scarcely less evident in the cured leaves than in the 
green leaves in the field. In the flue-cured district normal leaves when 
properly cured have a bright lemon to orange color, and in other dis¬ 
tricts the, colors range through various shades of brown with either a. 
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xeddish or a greenish cast. On the other hand, the 1 leaves or the por¬ 
tions of leaves affected with sand drown show after curing a dull, faded 
appearance similar to that observed in the diseased leaves in the field. 
Since color is of great importance in determining the commercial value 
of most types of tobacco, it is easily seen that sand drown may 
greatly lower the market-price of the affected leaves." This "applies 
with special force to the sale of cigar-wrapper leaf. Moreover, sand 
‘drown greatly reduces the weight of the cured product; in fact the 
•affected parts of the leaf are remarkably thin after having been cured. 
For example, in a test with flue-cured tobacco the normal leaf was 
found to be 45 per cent thicker and 65 per cent heavier per unit area 
than the diseased leaf. As would be expected, the tissue of diseased 
leaves is dry and lifeless. Thus, sand drown affects unfavorably the 
color, weight, body, and elasticity of tobacco leaf, 

OCCURRENCE OF SAND DROWN 

The disease first came under observation about 1912 at the Tobacco 
Station of the North Carolina Department of Agriculture located at 
-Oxford, in connection with the cooperative- investigations in progress at 
that point. The same trouble also was seen on some of the farms of 
tobacco growers in the vicinity. It has appeared each year on the 
tobacco grown at the Oxford station, but it soon became apparent that 
weather conditions and the kinds and quantities of fertilizers applied 
affect in a marked degree the appearance and course of the disease. In 
general, it may be said that with approximately normal rainfall and the 
use of fertilizers of the grades and 'the quantities that have been most 
widely employed in tobacco culture sand drown is not commonly seen 
in sufficiently severe form to attract attention or to cause serious loss. 
On the other hand, the malady is likely to be widespread in seasons of 
heavy rainfall in those sections in which the dominant soil types are 
distinctly sandy in character. For example, -this type of chlorosis is 
frequently seen on the more sandy tobacco soils of the Connecticut 
Valley in excessively wet seasons. As will be pointed out, the use of 
certain fertilizer salts will lead to symptoms of sand drown even in sea¬ 
sons of normal rainfall and on the heavier types of soil, although it 
remains to be determined just how generally this action may be observed 
under varied soil and weather conditions. It is possible, also, that 
material injury to the color and other properties of the cured leaf may 
result from mild forms of the trouble which would not be clearly recog¬ 
nizable in the field. In pot cultures sand drown can be easily induced 
and cured at will. 

RELATION OF SULPHATES AND CHLORIDS TO SAND DROWN 

As a feature of the cooperative investigations at' the Oxford (N. €.) 
Tobacco Station, fertilizer plot tests have been in progress for several 
years in which various forms and rates of application of nitrogen, phos¬ 
phoric acid, and potash are compared. The soil is classed as Durham 
■■sandy loam and is not fertile. Sand drown has frequently appeared on 
the test plots. On most of the plots the tobacco has been fertilized with 
sulphate of potash in combination with other materials, and it was 
observed .that increase in the rate of application of the sulphate clearly 
increased 'the severity of sand drown in the tobacco. On plots receiving 
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muriate of potash in place of the sulphate, other conditions being the 
same, there was a marked decrease in the amount of disease and an 
-appreciable increase in the size attained by the plants. In a second set 
of plot, tests, in which a more, detailed comparison between the muriate 
..and sulphate of potash was made, the striking effect of the sulphate in 
inducing or aggravating the disease was fully confirmed. In the first 
•set of plots the standard rate of application of the potash salts was 80 
pounds per acre actual potash (K 2 0 ), while certain plots received 40 and 
160 pounds per acre. In the second series of plots the rates of application 
•were 12, 24, 36, and 80 pounds per acre. In the first series the normal 
..application of phosphoric acid was 64 pounds per acre in the form of 
16 per cent acid phosphate, and the normal application of nitrogen was 
,,32 pounds, various forms being used. Even the smallest applications 
■of potassium sulphate produced marked effects in increasing sand drown. 
It is obvious that these quantities are much too small to produce injury 
by unduly increasing the concentration of the soil solution, and, moreover, 
corresponding quantities of potassium chlorid have shown no injurious 
action of any sort. The peculiar action of the sulphate, contrasting so 
sharply with the chlorid, seemed perplexing, for, while in recent years 
-considerable stress has been placed on the necessity of an adequate supply 
of sulphur for the plant, no case has been previously recorded, so far 
as known, in which small quantities of sulphates caused serious injury 
under field conditions. 

A series of single-row tests was carried out at the Oxford station in 
which sodium chlorid, sodium carbonate, and calcium carbonate were 
used, in addition to the normal application of potassium sulphate, dried 
'blood, and phosphorous in the form of so-called precipitated bone, a 
finely divided dicalcic phosphate. The common salt and sodium car¬ 
bonate were used at the rate of 200 pounds and the calcium carbonate 
at the rate of 1,000 pounds per acre. The sodium carbonate was not 
•effective in preventing sand drown, and the calcium carbonate was only 
partially effective, neither of these materials causing appreciable increase 
in growth of the tobacco. On the other hand, the sodium chlorid 
.(ordinary commercial “salt,” sold in bulk) probably increased the growth 
of the tobacco by fully 100 per cent, and there was no sand drown. The 
next season another series of row tests was carried out in which chemi¬ 
cally equivalent quantities of the chlorids and sulphates of sodium, 
calcium, and magnesium were used, in addition to a standard application 
of 100 pounds per acre each of ammonium nitrate and monopotassium 
phosphate. All salts were approximately chemically pure, and the 
quantities used were on the basis of 100 pounds sulphate (S 0 4 ) per acre 
-or the equivalent quantity of chlorin. In this case the sodium chlorid 
•and the calcium chlorid were without effect in controlling the sand drown. 
Both the sulphate and the chlorid of magnesium, however, showed a 
marked effect in preventing the disease; and this observation first gave 
the clue to the situation, as will be shown in subsequent paragraphs. 

RELATION OF ORGANIC MATTER TO SAND DROWN 

On the fertilizer test plots at Oxford several different sources of nitro¬ 
gen were used—namely, nitrate of soda, ammonium sulphate, dried 
blood, and cottonseed meal. These materials were applied at rates to 
‘furnish about 32 pounds nitrogen per acre, the quantity of cottonseed 
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meal employed being 500.pounds. It was.quickly seen that the cotton¬ 
seed meal showed a decided tendency to reduce or to delay the symptoms 
of sand drown while ammonium sulphate accentuated the trouble. 
There was no notable difference between the action of nitrate of soda, 
and that of dried blood. Once more the injurious action of sulphates is 
in evidence, but, in addition, it is. clear that only 500 pounds per acre of 
organic matter in the form of cottonseed meal exercises some preventive 
action against the disease. Apparently there is some similarity in the 
action of certain chlorids and that of cottonseed meal calling for explana¬ 
tion. Different rates of application of nitrogen in the form of dried 
blood, produced no notable effect on the, disease, so that neither the form 
nor the quantity of nitrogen in the fertilizer can be considered, as being" 
of primary importance. ■ 

Another series of plot tests was conducted for several years at Oxford 
dealing with the fertilizing value, of tobacco stalks and stems (leaf mid¬ 
rib) and bam manure for tobacco.. For purposes of comparison the* 
normal mixture of sulphate of potash, dried blood, and acid phosphate* 
also was included in this series. The tobacco stems were applied at 
rates ranging from 1,000 to 2,600 pounds per acre, supplemented with 
sufficient quantities of dried blood and acid phosphate to furnish the* 
normal application of 32.pounds nitrogen and 64 pounds phosphoric acid 
per acre. The tobacco-stalks were applied at the rate of 2,700 pounds- 
per acre, also supplemented with acid phosphate. The manure was used 
alone, in combination with sufficient acid phosphate and sulphate of' 
potash to furnish the normal formula, and in combination with hardwood 
ashes as a source of potash. The rate of application of the manure was 
8,000 pounds per acre. As regards sand, drown, the outstanding feature* 
of these tests was that there were no symptoms of the disease except on 
the plots receiving only the mixture of dried blood, acid phosphate, and 
sulphate of potash. Here, again is distinct evidence that vegetable forms., 
of organic matter tend -to prevent the development of sand drown. 

BIOCHEMICAL STUDIES OF SAND DROWN 

Because of the marked difference between thechlorid and the sulphate 
of potassium in their action on the tobacco plants, especially with regard' 
to sand drown, experiments were undertaken for the purpose ..of compar¬ 
ing the effects of the two salts on the internal processes of the plant. A 
series of observations was made on the relative osmotic concentration of 
the expressed, filtered saps from the frozen tissues of the leaf after the 
midrib had been removed, the material for study being taken from the 
two sets of fertilizer test plots at Oxford previously referred to. The 
samples were taken at intervals of two to four days, beginning shortly 
after the plants had been topped, that is, when the plants had reached 
the normal stage for flowering. A single leaf near the middle of the 
plant was collected from a representative plant of each plot, and the 
same plants were used as sources of material throughout the tests. The 
leaves were collected in each case about 9 o’clock in the morning. In all' 
cases the tobacco plants on the control plots receiving no potash showed' 
distinct symptoms of severe potash hunger. The data obtained are* 
summarized in Table I. The osmotic concentrations, in atmospheres, 

, were calculated in the usual way from the observed lowering of the* 
freezing point. 
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Tabuj I .—Osmotic concentration of the sap of tobacco leaves and the ash of the sap , as 
affected by the cklorid and the sulphate of potassium 


Fertilizer treatment . 0 

Osmotic concentration, of sap (in atmospheres); 

Osmotic concen¬ 
tration of ash of 
sap (in atmos¬ 
pheres) . 

July 22. 

July 34. 

July 26, 

! 

July 30. , Average. 

July 23. 

July 34, 

^General fertilizer test plots: 




j 



N-j~P. 

9- 346 

8. ,396 

9. 093 

8 . 913 | 3. 937 

2 . Q 2 Q 

1. 869 

N+P+80 pounds K s O, 




| 



as sulphate . .. 


9. 021 

9- °S7 

7. 878 | 8. 652 


6. 012 






N+P+160 pounds K 3 0, 




! 



as sulphate. .. 

II. OOO 

10. 530 

9, 418 

9. 875 IQ. 220 

6-855 

7- 349 

P+So pounds K 3 0, as 




! 



sulphate . 

8- 937 

3.949 

8.576 

7. 987 8. 612 

5- 94° 

6. 266 

N+So pounds K 2 0, as 

] 



, 



sulphate . 

; 8. 540 

8.492 

8. 215 

7.951 j 8.299 

5-oi3 

4.917 

Average moisture per¬ 




; 1 



centage of soil of plots 

7. 0 

1 

5*5 ; 

7-25 

9.0 ; 

! : 1 

; 



Fertilizer treatment.® 

Osmoticconcentration of sap (in atmospheres). 

Osmotic concen¬ 
tration of ash of 
sap (in atmos¬ 
pheres). 


July 20. 

. 

July 23. 

July 25. 

July 29. 

Average. 

July 20. 

July 23. 

•Special potash test plots: 
N+P. . .. 

7* 734 

8. 291 

8. 504 

8. 071 

8. 125 

0.917 

1.748 

N+P+24 pounds K 2 0, 
as chloride. 







9- 574 

8. 720 

xo. 240 

8. 600 

9.283 

3.086 

2.868 

N+P+24 pounds K 2 0, 






as sulphate. 

8.768 

a 780 

9. 298 

8.167 

8-753 

2.712 

3-35* 

N+P+ 80 pounds K 2 0, 







as chlorid. 

xo. 070 

10.670 

10. 760 

9.959 

IO. 360 

7.710 

8.191 

N+P-f-80 pounds K 2 0, 
as sulphate. 

9- 635 

8.805 

10. 280 i 

■' 

8. 528 

9.312 

5.182 

4. 929 

Average moisture per¬ 
centage of soil of plots 

8. 0 

i 3- 5 

i 

1 

9.0 | 

| 

9.0 

1 

i 




a N==33 pounds nitrogen per acre, in form of dried blood. P=64 pounds phosphoric acid per acre, in 
form of add phosphate in first series and predpitated bone in second series. 


Concerning weather conditions during the period of observation it may 
be stated that cloudy weather, with snowers, prevailed July 17, 19, 24, 
27, and 31, with sunshine on all other days, except for a few thunder 
showers of brief duration. Rainfall of consequence occurred only as fol¬ 
lows: July 17, .33 inches; July 24, 1.55 inches; July 27, 1.37 inches; 
July 30, 0.82 inch. The soil, which is a light, sandy loam, has a low 
water-holding capacity, and there was a wide range in degree of satura¬ 
tion during the period of study. The osmotic concentration of the sap 
of the plant, however, does not appear to be definitely correlated with 
the water content of the soil. In general, increased application of potash 
salts to the soil increased the osmotic concentration of the sap and the 
chlorid was decidedly more effective than the sulphate in this respect. 
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The mineral component of the osmotically active material of the sap, 
was determined by evaporating the sap, igniting the residue, and restor¬ 
ing the original volume with distilled water. The data in Table I clearly 
show that where no potash was applied to the soil much the greater pro¬ 
portion of the osmotic concentration represents soluble organic material, 
probably carbohydrate, whereas with increasing quantities of potash 
salts applied to the soil this relationship is reversed, the mineral compo¬ 
nent becoming the more important. The ehlorid, moreover, contributes 
more to the osmotic concentration of the sap than does the sulphate-;. 
These observations seem to be in line with the view which has long been; 
held that lack of an adequate supply of potash tends to cause congestion 
or accumulation of carbohydrate in the. tissues of the leaf. 

The saps (in 10 cc. portions) from, the general fertilizer test plots col¬ 
lected on July 24 and those from the special potash plots collected on, 
July 23 were employed in studying the quantity and character of the 
ash contained in the sap, as influenced by the sulphate and the ehlorid 
of potassium. The total ash was determined by ignition and the soluble-' 
ash by extracting the ignition residue with successive portions of hot 
distilled water aggregating a volume of 100 cc. The alkalinity of the 
soluble and insoluble portions of the ash was determined by titration,, 
using methyl orange as indicator. The calcium in the insoluble ash was. 
determined gravimetrically. The results are presented in Table II. 

Tabus II ,—Character of the ash of tobacco sap as affected by the ehlorid and the 

sulphate of potassium 


Fertilizer treatment of tobacco. 

; 

Total 

ash. 

1 Soluble I 
! ash. 

I 

1 _ 

Insolu¬ 
ble ash. 

Alkalin¬ 
ity of 
soluble 
| ash. 

Alkalin¬ 
ity of 
insolu¬ 
ble ash, a 

CaOin 
insolu¬ 
ble ash. 

Regular fertilizer test plots: 

Gr, ; 

I Gr. 

Gr, 



Gr, 

N+P... 

0.1694 

jo. 0538 

0.1156 

0. 6 

22. 4 


N-hp-fgo pounds K 2 0, as sub j 





phate. 

. 1S26 ! 

! .1320 

. 0496 


5 






N+P+160 pounds K 2 0 , as sub > 

i 






phate... 

, 2219 

• 1748 

.0471 

11.4 

9*4 





N+So pounds K 2 0 , as sulphate..! 

* 1497 

. 1167 

• ° 33 ° 

11. 7 

7*2 


P+80 pounds IC 2 0 , as sulphate..! 

. 1801 

. 1531 

. 0270 

10.3 ; 

S*o 


Special potash test plots: ; 


1 . 





N+P...| 

* 

.0450 

.1549 

4 ,1 

32. 6 

0. 090 

N+P+24 pounds K.> 0 , as ehlorid. 1 

■ 1538 

.0574 

.0954 

*7 

20.1 

* oss- 

N+P+24 pounds K 2 0 , as sub j 







phate...| 

. 1822 

. 0707 

. 11x5 

7 ' 3 

23*5 

.061 

N J- P+80 pound K 2 0 , as ehlorid .. 

1 *1595 

. 1228 

-0367 

.6 

8.6 

, 020" 

N+P+80 pounds K 2 0 , as sul¬ 

i 





■ 

phate .. 

i . i66x 

i 

. 1202 

• 0459 

10. 7 

10.3 

. 02S. 

L„ , 


a Expressed in cubic centimeters of Nfio acid required for titration. 


Both the chloridfand the sulphate of potash produce marked increases- 
in the soluble portion of the ash of the sap and equally as large decreases, 
in the insoluble portion. There is no marked difference in this respect, 
in the action of the two salts, perhaps indicating that approximately* 
equal quantities of potash are absorbed by the plant from these two 
sources when the rates of application to the soil are equal. That the* 
effects of the two salts on the metabolism of the plant are different,, 
however, is clearly shown by the alkalinity of the soluble and insoluble* 
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portions of the ash, Roughly, the alkalinity of the soluble ash is a meas¬ 
ure of the potash in combination with citric and malic acids in the sap, 
while the alkalinity of the insoluble portion represents the calcium and 
magnesium salts of these acids existing in solution in the sap. Both the 
sulphate and the chlorid greatly reduce the alkalinity of the insoluble 
ash, that is, the content of the sap in calcium and magnesium citrates 
and malates. The most striking effect, however, is the great increase 
in the sap content of potassium salts of citric and malic acids caused by 
the sulphate, as indicated by the content of soluble carbonate in the ash. 
The chlorid, on the other hand, is wholly ineffective in this respect. 
This difference in the effect of the sulphate and the chlorid on the con¬ 
tent of soluble salts of organic acids is of practical importance, for it is 
known that the potassium salts of citric and malic acids improve the 
combustibility of tobacco (i). 2 On the other hand, the acid calcium 
salts of these acids, which largely make up the grain particles of the cured 
tobacco leaf (5), injure the combustibility, especially if the grain material 
is not definitely aggregated. If the organic acids are intermediate 
products in the respiratory combustion of carbohydrate in the plant, it 
appears that in some way the oxidative processes are less complete in 
the presence of the sulphate than when the potassium is supplied as 
chlorid. It is seen from Table II that addition of the potash salts to the 
soil lowered the calcium content of the plant sap. 

It seemed possible that the unfavorable action of potassium sulphate 
on the vigor of the tobacco plant might be due to injurious increase in 
hydrogen-ion concentration of the cell sap. To test this matter leaves 
were collected at intervals, in the manner already described, from the 
special potash test plots and from other specially treated plots, using 
six plants on each plot for material. The leaf material was not sub¬ 
jected to freezing but was ground in a well-tinned meat chopper and 
the expressed sap was passed through muslin. The hydrogen-ion con¬ 
centration of the saps thus prepared was determined electrometrically 
at room temperature according to the usual procedure. The results are 
presented in Table III. 

Table III. — Hydrogen-ion concentration of cell sap as affected by the sulphate and the 
chlorid of potassium and 0trier salts 


Hydrogen-ion concentration of sap collected at 
stated intervals. 


Fertilizer treatment of tobacco. 


Special potash test plots: 

Control.. 

36 pounds KoO per acre as sulphate.. 
36 pounds K 2 0 per acre as chlorid... 

80 pounds KqQ per acre as sulphate.. 
80 pounds K^O per acre as chlorid 


July 18. 

July 33 . 

July 28. 

Aug. 5 . 

Average. 

Pn 

Ph 

Fa 

Ph 

Pn 

5*47 

5* 40 

5 * 26 

5 * 26 

5-3S 

5 - 61 

5 - 65 

5* 47 

5-43 

5- 54 

5-43 

5- 33 

5* 29 

5 - 28 

5- 33 

5- S° 

5-63 

5* $2 

5- 46 

5- S3 

5-64 

5-SO 

5.46 

5- 29 

5-48 


t Reference k made by number (italic) to “ Literature cited.” p. 40. 
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Table III.— Hydrogen-ion concentration of cell sap as affected by the sulphate and the 
chlorid of potassium and other salts —Continued 


Fertilizer treatment of tobacco. 

Hydrogen-ion concentration of sap 
collected at stated intervals. 

| July 31. 

July 30. 

[ Aug. 6. | 

Average, 

Special row tests: 

Control... 

1 

5-6o 
5 -85 

Ph 

5-43 

5 * 63 

5. 60 
5.62 

5-86 

5.85 

Ph 

S* 4 i 

5*45 

Ph 

5-48 
S' 84 

200 pounds Nad per acre. 

Control. 

200 pounds Na*Co 3 per acre. 




Control... 

5 - 79 
5-95 



1,000 pounds CaCojj per acre... 







The complete fertilizer treatments of the plots used in the observations 
on hydrogen-ion concentration are given on pages 29 and 31. The 
data given in Table III show that there is a progressive increase in 
hydrogen-ion concentration of the leaf sap as the leaf advances toward 
maturity. This progressive increase in active acidity is markedly 
retarded by the sulphate of potassium and to a lesser degree by heavier 
applications of potassium and sodium dilorids. Neither calcium car¬ 
bonate nor sodium carbonate produced any marked effect. It is clear 
that the sulphate of potassium did not increase the active acidity and, 
in fact, it caused a considerable decrease in acidity. In these tests 
the leaves from plots treated with chlorids were free from sand drown, 
while the others, and especially those from the plots receiving sul¬ 
phates, showed evidences of the disease. Thus, while sulphates may 
promote the development of a pathological chlorosis they actually 
retard the normal yellowing of the leaf which is associated with ripening. 

The total calcium and the water-soluble sulphate (S 0 4 ) were deter¬ 
mined in dried leaves from the plot treated with common salt and the 
control plot, as well as from the plots receiving 80 pounds potash per 
acre as sulphate and chlorid, respectively. The results are shown in 
Table IV. 


Table IV .—Influence of sulphates and chlorids on total calcium and water-soluble sul¬ 
phate in the dried leaf 


■ 1 

■■ ' ■ ■ ■ i 

Fertilizer treatment of tobacco. 

Total 
ash in 
leaves.' 

Total 
calcium 
in leaves. 

Water- 
soluble 
sulphate ■ 
(SO4) in 
leaves. 

Control.. . .. ... 

Per cent. 
13.06 i 
12, og 
8.89 
xo. 50 I 

; Per cent. 

; 3*46 

i **74 | 

1. 40 : 

1.36 

! Per cent. 

1.66 

200 pounds NaCl per acre . 

.67 

.25 

5 ° 

80 pounds KLjO per acre as chlorid .. 

80 pounds ICO per acre as sulphate . 



It seems likely that the greatly increased growth of the plant resulting 
from the use of the sodium chlorid is largely responsible for the decrease 
in percentage content of calcium and soluble sulphate. The calcium 
content is the same in the plots treated with the sulphate and the chlorid 
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of potassium, .and .since sand drown was present on the plants receiving 
the sulphate the disease, can not be due to calcium deficiency. The in¬ 
creased content of soluble sulphate, however, is undoubtedly significant 

No evidence of soluble oxalates could be found in the sap from leaves 
affected with sand drown. 

MAGNESIUM DEFICIENCY THE CAUSE OF SAND DROWN 

As previously stated, the effectiveness of magnesium sulphate in pre¬ 
venting sand drown in field tests at Oxford while other sulphates greatly 
aggravated the trouble suggested that lack of an adequate supply' of 
magnesium might be the cause of the trouble. Pot tests soon proved this 
to be the case. The cultures were conducted in 12-quart galvanized-iron 
buckets with perforated bottoms, using sassafras fine sandy loam soil 
from Prince Georges County, Md., and in some cases the Durham sandy 
loam soil from the Oxford (N. C.) Tobacco Station. As a complete 
nutrient solution for the cultures a mixture of 10 gm. sodium nitrate, 5 
gm. monocalcium phosphate, 5 gm. potassium sulphate and 5 gm. mag¬ 
nesium sulphate was dissolved in 10 liters distilled water. In some cases 
■potassium chloiid was substituted for the sulphate and ammonium 
nitrate was used in' place of the sodium salt. For one series in each test 
the magnesium sulphate was omitted from the nutrient solution. To ac¬ 
centuate the effect of omitting magnesium the plan was adopted of water¬ 
ing the plants with the nutrient solution instead of distilled water, the 
solutions being added in considerable excess so as to cause a leaching 
effect. This plan proved to be quite successful. Where magnesium 
was omitted from the solution sand drown quickly appeared. A typical 
case in the advanced stage is shown in Plate 4. It will be seen that the 
leaves have lost nearly all color and hang limp, the cells having lost their 
turgidity. It is to be noted, however, that seed formation was success¬ 
fully accomplished and the chlorotic leaf tissue remains alive for many 
days. Under favorable conditions the disease may be induced by apply¬ 
ing the fertilizer salts (with magnesium omitted) to the soil before trans¬ 
planting and avoiding any leaching action in watering the plants, as is 
shown in Plate 5. Naturally, the symptoms are less severe than when 
leaching is employed. When the disease has not progressed too far it is 
readily cured by addition of magnesium to the soil. A case of this sort 
is shown in Plate 6. The plant at the right, affected with sand drown in 
severe form, to which magnesium sulphate had been subsequently added 
was rapidly recovering at time of photographing. Thus, while soluble 
sulphates generally will greatly aggravate sand drown, sulphate of mag-, 
nesium both prevents and cures the malady. It seems proper, therefore, 
to consider lack of an adequate supply of magnesia as the primary cause, 
whatever may be the internal processes involved. On the other hand, 
the importance of an increased supply of soluble sulphate as an inciting 
factor should not be overlooked. In other words, the ratio of magnesia 
to soluble sulphate seems to be of prime importance. 

SAND DROWN CONTRASTED WITH OTHER TYPES OF CHLOROSIS 

The tobacco plant with its extensive foliar expanse is well adapted to 
the study of pathological symptoms such as those characteristic of sand 
drown; and the plant, in fact, is subject to several types of chlorosis. Of 
special importance in this connection is the chlorosis due to potash hun¬ 
ger. In typical cases, the symptoms of potash hunger are readily 
20516 — 2$——4 
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distinguished from those of sand drown, though the two diseases may be 
confused in casual examination. In both cases the chlorosis begins at 
the tips of the leaves and on the margins, and the lower leaves are affected 
first. In extreme cases of sand drown there may be some distortion of 
the leaf margin, but ordinarily the surface is smooth and the leaf attains 
full size. In potash hunger the leaf is puckered and presents an uneven 
surface because of the difference in rate of growth of the veins and 
the leaf web. Arrested growth of the periphery causes a characteristic 
curving downward of the margin, and, particularly, the tip of the leaf. 
The farmer speaks of the leaf as being “rim bound.” Chlorosis due to 
potash hunger is promptly followed by the appearance of small dead spots 
inr the affected portions of the leaf. The initial stages of this spotting are 
shown in Plate 7. As the malady progresses large areas of the leaf die, 
especially along the margins which frequently become ragged and tom. 
Tills condition is popularly spoken of as “rimfire.” This localized dying 
of the leaf tissue in potash hunger is an important aid in distinguishing 
the trouble from sand drown. Finally, the destruction of the green 
color of the leaf in potash hunger gives rise to a dull yellow, with a bronze 
or copper overcast, whereas sand drown results in a very light yellow or 
cream color. In severe potash hunger the green portion of the leaf shows 
a dark “muddy/’ bluish green shade, while in sand drown the'non- 
chlorotic portion of the leaf shows the normal green color. 

In sulphur deficiency the entire leaf, including veins and midrib, as 
well as the stem of the plant, is uniformly affected, the color of the whole 
being a light shade of green. This color is frequently shown when muriate 
of potash is used instead of the sulphate as fertilizer. When both sul¬ 
phur and magnesia are deficient the entire plant becomes more distinctly 
chlorotic, the color being suggestive of that characteristic of the White 
Burley variety of tobacco as it approaches maturity. As is well known, 
a limited nitrogen supply also results in a plant with leaves of a light 
shade of .green. In the disease known as trenching there is a partial 
chlorosis of the leaves, but there are also morphological changes, the size 
and especially the width of the leaf being reduced through failure of the 
leaf lamina to expand normally. In the infectious chlorosis called 
mosaic there is a characteristic mottling distributed rather uniformly 
over the leaf and appearing only in growing tissues; hence it is easily 
distinguished from sand drown. 

MAGNESIA AS A FACTOR IN PRACTICAL FERTILIZER USAGE 

It has been recognized for many years that magnesium is one of the 
indispensable elements of plant food, and Willstatter (7) has demon¬ 
strated that it is an essential constituent of chlorophyll A considerable 
number of experiments have been made concerning the fertilizing value 
of magnesium compounds, the results of which are more or less contra¬ 
dictory. Few of these tests, however, have been so planned as to throw 
light on the present problem, and in most cases the action of magnesium 
salts has been regarded as being indirect, resulting in the liberation in the 
soil of other plant food elements (a). In pot experiments with one of 
two soil types studied, Wheeler and Hartwell . (6) obtained increased 
growth of barley and rye by the use of magnesium sulphate and chlorid, 
and it is suggested that the favorable effect was due, at least in part, to a 
direct nutrient action of the magnesium. Recently A. Jacob (j) has. 
called attention to favorable results obtained by the German Kali Syndi¬ 
cate in the use of potash salts containing, magnesia as .fertilizer for pota- 
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toes. Considerable attention also has been given to the toxic effects of 
magnesia compounds when present in excess, especially since Loew 
developed his well-known theory of optimum lime-magnesia ratios for 
crop plants (4). 

It seems clear that on many soils it is essential for normal development 
of the tobacco plant that the fertilizer carry a certain minimum quantity 
of magnesia, especially when the fertilizer contains soluble sulphates. 
Preliminary observations indicate that com and cotton and probably 
other crops have similar requirements. The exact needs of the tobacco 
crop will require considerable study, since both the yield and the quality 
of the product are involved. The combustibility of tobacco is affected 
adversely by salts of magnesia, and it appears that the moisture-holding 
properties, and therefore the elasticity, of the leaf are influenced by the 
magnesia supply. The highly injurious effect of magnesium deficiency 
on the color of the leaf has already been discussed. Hence, it seems likely 
that any considerable excess of magnesia, as well as a deficiency, must be 
avoided for best results. 

Detailed data of plot yields with tobacco in different localities for a 
period of years comparing the action of sulphate and chlorid of potash,, 
which involve the effects of magnesium deficiency, are reserved for publi¬ 
cation elsewhere. It will suffice to present here the results obtained at 
Oxford, N. C., in 1920, as illustrating the striking effect of magnesium 
deficiency on the market value of the crop. The detailed fertilizer treat¬ 
ment of these plots has already been described. One-half of each plot 
received ground limestone containing magnesia applied broadcast in the 
fall of 1919 at die rate of 1 ton per acre. The yield and value of the 
tobacco on each plot are shown in Table V. 


Tabus V.— Yield and value per acre of tobacco receiving sulphate and muriate of potash, 
with and without addition of ground limestone, Oxford, N. C.» 1Q20 



Yield oj 

' 

l (..r., iOt. 

Value of tobacco. 

Pot ash fKhO) added as fertilizer. 






Without 

With 

Without 

With 


lime. 

hint-. 

lime. 

lime. 


POHtlUS, 

Pounds. 



None. 

33c 

45c 

$27 

$38 


12 pounds per acre, as sulphate. 

260 

66c 

33 

105. 

12 pounds per acre, as muriate. 

520 

640 

67 

126- 

24 pounds per acre, as sulphate. 

48c 

620 

47 

93 

24 pounds per acre, as muriate. 

620 

82 c 

107 

147 

36 pounds per acre, as sulphate. 

600 

640 

88 

90 

36 pounds per acre, as muriate. 

780 

7 So 

156 j 

1.17 

So pounds per acre, as sulphate. 

700 

! 

5S0 

7 S 

107 

So pounds per acre, as muriate. 

800 j 

_J 

920 

.1x5 

218* 


Considering only the treatments without lime, it is seen that the muri¬ 
ate gives far better results than the sulphate; and the difference becomes 
most striking with the intermediate rates of application. The injury in 
quality of the tobacco from the use of sulphate is proportionately greater 
than the reduction in yield as compared with the muriate. Evidence has 
already been given that addition of magnesia fully overcomes the unfa- 














38 


Journal o} Agricultural Research 


Vol. XXIII, No. x 


vorable action of the sulphate. Results fully as remarkable as the forego¬ 
ing have been obtained by Mr. E. H. Mathewson, of this office, in similar 
■cooperative tests at Reidsville, N. C.; and the experiments elsewhere indi- * 
•cate that the data will apply to the tobacco crop more or less generally. 

Muriate of potash tends to impair the combustibility of tobacco and in 
some cases' gives less desirable colors. It seems desirable, therefore, to 
use the sulphate of potash in combination with sulphate of magnesia. 
'Tests have shown that low-grade potash salts carrying more or less mag¬ 
nesia, such as Kainit and double manure salts, eliminate sand drown and 
produce much better growth than high-grade sulphate. It has been 
.found, in fact, that both muriate and sulphate of potash in relatively pure 
form but still containing very small percentages of magnesium salts, such 
as some of the high-grade’' imported potash salts, are less likely to cause 
sand drown than muriate and sulphate of exceptional purity. It seems 
clear that very pure forms of potash salts should not be used as fertilizer 
for tobacco, and possibly not for other crops, unless supplemented with 
magnesia salts or materials containing magnesia. In the absence of more 
exact data double manure salts, which are essentially mixtures of sul¬ 
phate of potash and sulphate of magnesia, would seem to be a desirable 
source of potash for tobacco. Wood ashes, cottonseed-hull ashes, and 
other forms of potash of vegetable origin also should be satisfactory so far 
as concerns magnesia. 

It is to be noted that in actual fertilizer practice high-grade sulphate 
of potash has not been used very extensively in this country, and even 
when employed it is nearly always in combination with other fertilizer 
materials which contain magnesia. It is believed that the favorable 
.action of cottonseed meal, tobacco stems and stalks, and barn manure 
in preventing sand drown, which has been previously discussed, is due 
to the magnesia supplied by these materials. Cottonseed meal contains 
about i per cent magnesia, and this offers a possible explanation of the 
marked preference for this fertilizer material shown by tobacco growers 
of the Connecticut Valley where color of the cured leaf is of so much 
importance. It may be that vegetable material of this character through 
gradual decay in the soil furnishes a more or less continuous source of 
magnesia in suitable quantities through the growing season. Thus, it 
seems likely that one of the functions of barn manure is to furnish mag¬ 
nesia in suitable quantity and form for plant growth. The action of 
common salt in preventing sand drown, which has been referred to, 
probably is due in part to the small percentage of magnesia which it 
usually contains, but it is also likely that salt liberates magnesia when 
applied to the. soil. 

LIMB IN RELATION TO SAND DROWN 

While limestones vary widely in their content of magnesium, it rarely 
happens in practice that limestone or burnt lime available for agricul¬ 
tural uses is entirely free from this element. The available evidence 
ail goes to show that the quantity of magnesium required to prevent the 
sand-drawn type of chlorosis is small, possibly less than 20 pounds 
per acre. In general, therefore, it is to be expected that liming the soil 
even with fairly pure limestone or its products would prevent sand drown, 
keeping in mind, of course, that the magnesia thus supplied would be 
less soluble than that furnished by most of the impure potash salts. 

The data given in Table V plainly show that liming is decidedly 
beneficial in overcoming the tendency of sulphate of potash to cause 
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sand drown, and heavier applications probably would further increase 
the effectiveness of both the sulphate and the chlorid of potassium by 
removing magnesium deficiency as a limiting factor. It is of interest to 
note that Wheeler and Hartwell (6) found a marked increase in content- 
of magnesium but not of calcium in both red clover and common sorrel 
(Rumex) grown on soil which had been limed. The value of liming, 
in overcoming sand drown has been confirmed in other tests involving; 
the use of various potash salts containing different percentages of mag¬ 
nesia. In all cases sand drown associated with the use of the purer 
potash salts was entirely prevented by applying dolomitic limestone. 
Thus, to the various functions in improving soil productiveness which 
have been ascribed to liming must be added that of preventing or cor¬ 
recting magnesium deficiency. Again, it has been shown that one of the 
harmful effects which may result from # die use of ammonium sulphate 
as fertilizer without liming is to cause a deficiency of magnesium, and 
this injurious effect may be remedied by use of magnesium salts as well 
as by liming. It is to be noted that the value of limestone in supplying; 
small quantities of magnesia has little or no connection with the theory 
of optimum lime-magnesia ratios, 

NEW METHOD FOR CONDUCTING POT CULTURES IN THE STUDY OF 
FERTILIZER PROBLEMS 

It is well known that it is difficult in most cases to harmonize the results- 
of pot tests conducted under accurately controlled conditions with results 
obtained in the field. Experience obtained in the study of sand drown 
has emphasized two important particulars in which the two types of 
experimentation usually differ. In the first place, chemically pure salts 
are generally used in pots cultures while in the field pure fertilizer salts 
are practically never used. In the second place, in conducting pot tests, 
precautions are usually taken against any loss of material through drain¬ 
age, while in the field more or less leaching invariably occurs. By com¬ 
mon consent investigators and farmers alike constantly speak only of. 
the three elements, nitrogen, phosphorus, and potassium (with occasional 
reference to sulphur) in discussing fertilizers. In practice, however, the 
use of so-called complete fertilizers regularly involves applying to the’ 
soil at least six essential elements, namely, nitrogen, phosphorus, potas¬ 
sium, sulphur, magnesium, and calcium. It is not surprising, therefore,, 
that in ordinary fertilizer usage the need of the three last-named elements 
does not become apparent. It has been shown, however, that the 
result is very different, at least in the case of tobacco, when fertilizer 
salts of high purity are used. On sandy soils subject to severe leaching 
and containing little organic matter it should not be surprising to find a 
deficiency of magnesium or sulphur or calcium as well as of nitrogen, 
phosphorus, or potassium. Sand drown seems to furnish a convincing 
illustration. 

The satisfactory results obtained in inducing sand drown in pot cultures* 
have suggested that by giving due consideration to commercial fertilizer 
salts with respect to all of the six elements mentioned and by providing: 
for leaching effects pot cultures can be made to yield results more in line- 
with field experience. The essential feature of the leaching process- 
consists in the use of nutrient solutions, complete and with one or more 
elements omitted, as desired, instead of distilled water for producing 
leaching effects. The leaching can*be pushed as far as desired without 
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Impoverishing the soil except with respect to the elements omitted in the 
nutrient solution* Obviously the method can not well be applied to 
■compact, clayey soils, 

CONCLUSION 

.Sand drown, a chlorosis of tobacco involving both the green and the 
yellow pigments of chlorophyll, is due to magnesium deficiency and is 
markedly aggravated by an increased sulphur supply. For these reasons 
the use of potash salts of high purity (free from magnesia) and, especially, 
pure forms of the sulphate have resulted in serious damage to the crop. 
The need for magnesium is readily met by the use of sulphate of potash 
containing magnesia or by applying lime containing magnesia. One of 
the functions of organic matter of vegetable origin, as cottonseed meal, 
tobacco' stems, and barn manure and of lime, is to furnish small quantities 
of magnesia to the plant through the growing season. The sand-drown 
disease of tobacco suggests that in interpreting fertilizer action the sul¬ 
phur, magnesium, and calcium commonly contained in “ complete ” 
commercial fertilizers should be taken into account as well as the nitrogen, 
phosphorus, and potassium. A method of conducting pot cultures in 
which the soil is leached with complete and incomplete nutrient solutions, 
as desired, gave good results in the investigation of sand drown and is 
suggested for use in the study of problems in fertilizer action. It remains 
to be determined to what extent the findings concerning sand drown of 
tobacco will apply to other crop plants. 
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PLATE i 


Tobacco plant of due-cured type affected with sand drown. Note that the plant as 
a whole and the individual leaves have attained normal size and shape and the leaf 
surface is relatively smooth. The disease begins in the lower leaves and at the tips 
of the leaves. The veins retain their green color long after the leaf lamina becomes 
bleached. The leaf lamina usually does not die in local areas or spots as in potash 
hunger. 



PIRATE 2 


Leaves of tobacco of Hue-cured type affected with sand drown, showing successive 
stages of the disease. The leaf at the bottom has lost practically all green color except 
along the larger veins and at the base. From bottom to top these leaves fairly repre¬ 
sent contemporaneous stages of advancement of the disease on different leaves of the 
same plant from the base upward. 
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PLATE 3 

Leaves of tobacco of cigar-wrapper type severely affected with sand drown, the leaf" 
at the top showing an advanced stage of the disease. Specimen collected at Hatfield,,, 
Mass., by Dr. James Johnson. 




PLATE 4 


Plant at right, which is normal, was watered with the complete nutrient solution 
described on page 35, including magnesium sulphate, the solution being added in 
.excess so as to produce a leaching effect. Plant at left received the same treatment in 
ail respects, except that magnesium sulphate was omitted from the nutrient solution. 
Mote the advanced stage of sand drown, in which the leaves hang limp. Note, how¬ 
ever, that the leaf tissues remain alive and seed formation is successfully accomplished. 




Journal of Agricultural Research 


Washington, D. C. 







Journal of Agricultural Research 


Washington, D, C. 





PLATE s 

The two plants received the same ■ treatments as the two plants shown in Plate 4, 
except that the plant nutrients were applied to the soil before setting the plants and 
the plants were watered with distilled water in limited quantities so as to avoid any 
leaching action. The plant at left, which received no magnesia, shows pronounced 
symptoms of sand drown but in less severe form than that of the corresponding plant 
in Plate 4. 



PLATE 6 


The two tobacco plants shown were watered with an excess of a nutrient solution 
containing no magnesia, so as to produce a leaching effect- After well-defined symp¬ 
toms of sand drown had developed, magnesium sulphate was added to the nutrient 
solution applied to the plant at right, while the plant at left continued to receive 
the magnesium-free nutrient solution. At time of photographing plant at right was 
rapidly recovering. Note the turgidity of the leaves and the partial restoration of the 
natural color. 
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PLATE 7 


Tip of tobacco leaf, showing chlorosis due to potash deficiency. Note that there 
are numerous small spots which represent dead tissue. This spotting of the leaves due 
to localized dying of the tissues is a characteristic feature of potash deficiency symp¬ 
toms as distinguished from the symptoms of sand drown. 




PARASITISM OF SCLEROTIUM ROLFSII ON IRISH 

POTATOES 1 


By H. A. Boson and M. Shapovalov, Pathologists , Office of Cotton , Truck, and Forage 
Crop Disease Investigations , Bureau of Plant Industry, United States Department of 
Agriculture 

INTRODUCTION 

According to various published statements Sclerotium rolfsii Sacc. 
attacks a great number of hosts. 2 It has been frequently reported on 
the Irish potato, though a clear and full description of the symptoms of 
its effect upon this host has not yet been given. Sometimes the disease 
has been designated as blight, in other cases as wilt, and very little has 
been said about the tuber-rot. The type of the decay, as distinguished 
from other tuber decays, has not been satisfactorily defined, and the 
mode of the destruction of the host cells has not been followed in detail. 
In view of this scarcity of information the writers feel justified in present¬ 
ing certain of their observations and experiments relative to this subject. 

NATURAL INFECTION 

Both the vine and the tuber of the Irish potato may be attacked by 
this fungus. The disease of stem and foliage may manifest itself in 
several different forms which vary with the age of the plant and with 
the environmental conditions. If very young plants are attacked and 
the soil moisture is abundant, they are most likely to show damping-off 
symptoms. Older plants may suffer from a rootrot or a stemrot or 
from both with subsequent wilting and drooping of the leaves and the 
stems, which ultimately lie prostrate on the ground. (PL i, A.) 

Natural infection in the field was observed in the South in advanced 
stages in several States. The symptoms produced were in general those 
of wilt or stemblight. The disease had evidently made its attack at 
or near the surface of the soil, causing a decay of the stem at that point 
and for a little distance above and below. Frequently the stem was 
consumed below to such an extent that little of the underground tissues 
except a few strands of vascular liber remained attached if the tops 
were lifted. Wefts of mycelium or the sclerotia of the fungus could be 
seen clinging to the stem or extending radially from the plant in and on 
the surface of the soil. 

ARTIFICIAL INOCULATION 

To obtain further evidence in regard to the symptoms of the disease 
certain field experiments were conducted with artificially inoculated 
tubers. These experiments were carried on in 1919 and 1920 at Arlington 

1 Accepted for publication July a, 1921. ■ 

2 Taubenhaus, J. J. recent studies on sclerotium rolfsii sacc. In Jour. Agr, Research, v. i&, 

no. 3, p. 127-138,1 pi 3-6. 1919. Literature cited, p. 137-138. ■ 
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Farm, Va., with two varieties of potatoes, Irish Cobblers and Bliss 
Triumphs, and two strains of the fungus. One of these latter, culture 
No. 126, 3 was isolated in July, 1918, from a decaying potato tuber grown 
in North Carolina and the other, culture No. 127, in May, 1918, from a 
■diseased potato stem grown in Arkansas. The diseased material from 
both sources represented clear cases of the Sclerotium infection. 

Ten tubers of each variety were inoculated in 1919 with Sclerotium 
No. 126 and 10 with Sclerotium No. 127, making a total of 40 inoculated 
tubers. In addition, a number of uninoculated tubers of both varieties 
were planted for control. All these potatoes were grown the preceding 
.season in Aroostook County, Me., where sclerotium-rot has never been 
found. The inoculations were made a few days before planting, a 
sclerotium or two being inserted in a narrow channel made in each tuber 
by means either of a cork borer or a needle. When the potatoes were 
taken to the field a few millimeters of decay could be noted in every 
tuber on cutting. The planting was done on May 19, following a period 
of rainy weather. There was an abundance of moisture in the soil, 
■although the surface of the ground was reasonably fiat. The two months 
following the planting were characterized by prolonged warm and dry 
weather, intermittent with two rainy periods. 

The effect of Sclerotium rolfsii on growing potatoes in this test was 
•extremely disastrous. Part of the plantings did not show above the ground 
at all, part perished from damping-off, and most of the remainder grad¬ 
ually wilted and died before maturity. The progress of the disease 
•during the season was as follows: 


June 10. Number of missing hills..... 11 

June 10. Number of small plants (1 to 3 inches) dampedoff. 7 

June 18. Number of larger plants showing wilt. ro 

June 24. Additional number of wilting plants. 6 

July 14. Additional number of wilted plants. 1 


Total number of missing and wilted plants... 35 

The remaining five plants, although considerably weakened, remained 
alive until harvest. Their size was only about half that of the plants in 
the control row, but the foilage and the stems were practically normal 
in appearance (PI. 1, B). It is probable that the action of the parasite 
in these cases was confined to the root system alone. 

At digging time, on September 15, no tubers were found in any of the 
35 hills wilted or otherwise destroyed by the fungus. The other 5 hills 
produced a few tubers of the size of a hazel nut, but no rot was in evidence. 
Control rows produced medium-sized sound tubers, and they showed no 
signs of damping-off or wilt throughout the growing season. 

There was no perceptible difference in the response of^the two varieties 
of potatoes used. However, the severity of the attack of the two fungus 
strains differed somewhat in this experiment. Thus on June 24 (five 
weeks after planting), all plants inoculated with Sclerotium No. 126 
were either dead or showed distinct symptoms of wilt, while among 
those inoculated with Sclerotium No. 127, six plants still were apparently 
unaffected, three of each variety. On July 14 wilt appeared in an ad¬ 
ditional Bliss Triumph plant; but the other five plants, three Irish Cob¬ 
blers and two Bliss Triumphs, while under size, showed no other signs 
of the disease and remained alive as long as the control plants. 

? Numbers ol the cultures in this paper have reference to the writers' collection. 
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The various symptoms of the disease followed each other in succession. 
Some seed tubers decayed so rapidly that the sprouts never reached the 
surface of the ground. Thus, the missing hills, a little over 25 per cent 
of the total number planted, gave the first indication of the activities 
of the parasite. About 16 per cent of those that did come up were able 
to form only a few first leaves, as the stems became thoroughly infested 
with the fungus, turned dark and water-soaked at and a little below the 
surface of the ground, and died. The appearance of such plants was 
fully typical of damping-off. The next distinct stage of attack may 
quite properly be characterized as wilt. It was observed with older 
plants, when not only the roots but also the stems were so seriously 
injured by the parasite that the activity of the conducting vessels was 
greatly impaired. A little later the stems were so corroded that the 
plants died. In some cases the foliage symptoms were so typical of wilt 
that it would be difficult on casual observation to distinguish tills form 
from those caused by Fusarittm, Verticillium, or bacteria (PL 2, A). It 
is very easy, however, to ascertain the actual cause of the trouble on 
closer examination of the base of the stem, where usually a weft of white 
mycelium and the brown sclerotia of Sclerotium rolfsii can be found as 
well as a stemrot in place of the discoloration of the vascular system. 
In some cases the infestation of the stem was not deep enough to sever 
completely the vascular connections; and then the symptoms of the wilt 
were not so pronounced, but the plants presented a general unhealthy 
appearance with partly drying, partly wilting foliage. This form may 
readily come ,under the conception of blight. This condition, too, led to 
the ultimate death of the plants (PL 2, B). The number of wilted and 
blighted plants in the foregoing experiment constituted a little over 40 
per cent. 

A repetition of this experiment was made in 1920 011 another piece of 
land on the same farm. Only the Irish Cobbler variety was used this 
time, but there were two sets of plantings—an early one, on April 8, and 
a later one, on May 6. Twelve hills to each strain of the fungus in each 
series were- planted, or 48 hills in all. The remainder of the procedure 
was identical with that of 1919. The progress of the disease was one of 
great interest. Up to the middle of June all plants in the earlier set 
inoculated with culture No. 126 remained healthy, and of those inoculated 
with culture No. 127 two showed wilt. On the same date in the later 
set there were 2 hills missing and 7 wilting in the lot inoculated with 
culture No. 126, while not a single hill inoculated with culture No. 127 
showed any sign of infection. During the next two weeks the disease 
made a general advance in all the sets, and the conditions’ on June 29 
were as follows: 

EARLY PLANTING 

(a) Inoculations with culture No. 126: 4 hills showed infection. 

(b) Inoculations with culture No. 127: 7 hills more or less infected, in some hills 
only one stem showing the disease. 

LATER PLANTING 

(c) Inoculations with culture No. 126: 10 hills were affected, of which 5 decayed 
completely and disappeared. 

(d) Inoculations with culture No. 127: No hill showed infection. 

At harvesting time, on July 20, 3 hills remained alive in lot (a), an 
increase of 75 per cent in affected plants, 6 in lot (b) showing that 1 hill, 
partially affected, had recovered durifig the last three weeks before the 
harvest, 4 in lot (c), indicating another partial recovery, and 11 in lot (d), 
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which signifies death of one plant only. The general succession of the 
various manifestations of the disease was essentially the same as in the 
first test and varied with the age of the plants. Thus, there were first 
some missing hills in those cases where the seed pieces were destroyed 
promptly in the ground, then damping-off symptoms showed^ on the 
young' plants, and finally wilt, stemrot, and blight followed in older 
plants. As to the tuber production and tuber-rot, the following condi¬ 
tions were observed on the date of digging: 

IvARCY nANTBStO *, 

Lot (a): Only 9 hills produced tubers, of small size; a severe rot in 3 hills. 

Lot (b): Every hill produced tubers, all undersized; severe tot in 4 hills. 

X,ATBR PLANTING 

Lot (c): Only 5 hills produced tubers, undersized; severe rot in 1 hill. 

Lot (d): Tubers in every hill, varying in size; severe rot in 4 hills. 

It appears from the foregoing data that the most serious infection with 
Sclerotium No. 126 took place in the later planting or later in the season 
in the earlier planting and, quite Hie contrary, with Sclerotium No. 127 
the most serious infection took place in the earlier planting and very 
little infection was observed in the later planting. These results indicate, 
therefore, that the Arkansas strain of the fungus is more adapted to 
cooler temperatures, while the North Carolina strain is more adapted to 
warmer temperatures. 

The total number of hills which became infected with culture No, 126 
in both plantings in this experiment was 19, and the total number of 
hills which became partially or wholly infected with culture No. 127 in 
both plantings was only 8. This apparently weaker pathogenicity of 
the latter strain is quite in accord with the results obtained during the 
preceding season. 

EXISTENCE OF STRAINS OF SCLEROTIUM ROLFSIX 

The markedly different parasitic activities of the two Sclerotium cul¬ 
tures and their different behavior in the field at different time of the 
season obviously suggest the existence of strains in Sclerotium rolfs-ii . 
Taubenhaus 4 summarizing the results of his recent work, stated (hat-. 

There are 110 varietal nor physiological strains in SckroUum rolfsii . 

It is self-evident, however, that this assertion may be regarded as cor¬ 
rect with reference only to those strains which were included in Ins 
studies and that the generalization of the characteristics of these strains 
is not at all warranted. As it is seen from the foregoing account of the 
writers' experiments, their two strains reveal a decided physiological 
difference. Furthermore, these two strains exhibit a distinct morpho¬ 
logical difference, namely, in the size of the sclerotia, as shown in Hate 3, 
A to C. The individual sclerotia vary in size within the strain, and their 
average size may be larger or smaller, depending on the kind of medium 
.and environmental conditions; but when considered relatively, on the 
same medium, at the same age, grown under the same environment, the 
sclerotia of the culture No. 126 are always larger than the sclerotia of the 
culture No. 127. Besides^ there is a peculiar tendency in the strain 
No. 126 when food supply is abundant to mass up the sclerotia in large 
clusters (PL 3, C) which has not been noted in the “microsclerotial” 
strain No. 127. The sclerotia in the dusters are often of a much larger 
diameter than th& individual sclerotia and tend to become elongated, 


4 TAcniiStfiAtJs, J. J. Op. aft. 
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curved, or irregular in shape. The constant relative difference in the size 
of the sclerotia of the two strains was observed on the following media: 
Raw potato, cooked potato plugs, potato agar, corn-meal agar, oatmeal 
agar, rice agar, and rice. Other media were not included in the studies. 

Considering the characters of the two cultures stated in the preceding 
paragraphs, the writers believe the conclusion to be quite warranted 
that the difference between Sclerotium No. 126 and Sclerotium No. 127 
is that of, at least, varietal character. Having no authentic culture of 
Sderoimm rolfsii Sacc. they are unable to determine which, if either, of 
the two is. the true species. 

CHARACTER OF SCLEROTIUM TUBER-ROT 

The potato tubers infected with Sderotmn rolfsii in the field or arti¬ 
ficially inoculated in the laboratory are subject to a rapid progressive 
decay. This decay is practically odorless and colorless in its earlier 
stages but takes on a yellowish appearance in older portions, particularly 
if there is a considerable development of the fungus hypliae. The affected 
host tissues become usually more or less porous. This was exactly the 
type of rot from which culture No. 126 was isolated. It was also re¬ 
peatedly reproduced in laboratory inoculations. The term “white rot 5 ' 
would seem to be quite appropriate to and descriptive of this stage of 
the disintegration. Under sufficiently favorable moisture and temperature 
conditions the decay may develop into what has been termed “melter” 
type, when the affected portions become exceedingly soft and watery. 

Most of the laboratory inoculation experiments were carried on with 
the Irish Cobbler variety, but a small quantity of Bliss Triumph and a 
seedling variety were also tested with no apparent difference in the 
response of these varieties to the action of the parasite. Inoculum was 
inserted either in needle pricks or in shallow scalpel wounds. Both 
relatively young sclerotia and young mycelium of the fungus were used 
with practically the same success. The inoculated tubers were placed in 
ordinary glass moist chambers or stone jars with layers of wet filter 
paper below and above and were left in the laboratory for two weeks at 
the temperature of 20° to 22 0 C. The difference in extent of rot pro¬ 
duced under these conditions by the two Sclerotium cultures was only 
slight and may not alone be regarded as significant. The diseased areas 
resulting from inoculation with culture No, 126 averaged 23 to 25 mm, 
in diameter and 14 to 15 mm. in depth; those resulting from inoculation 
with culture No. 127 averaged iS to 20 mm. in diameter and 10 to 12 
mm. in depth. The “melted 5 type of decay did not develop during this 
period and under the.se conditions. Liquid, however, separated from 
tubers kept in moist chambers for a longer period of time. 

The destructive effect of the fungus on potato tuber tissue was very 
dearly shown when sterile raw potato blocks were inoculated in large 
quantities in Erlenmeyer flasks. There first developed an abundant 
growth of pseudo-parenchymatous mycelium emveloping the blocks and 
practically filling the flasks. Abundant sclerotia! formation followed 
with the development of large compact aggregates of these bodies which 
were frequently an inch or even more in diameter. When the mycelial 
development had reached its maximum there appeared a gradually in¬ 
creasing accumulation of light amber liquid in the bottom of the flask, 
sometimes amounting to as much as 500 cc. in a single 2-liter flask. 
Since no additional water was placed in the flask with the raw potato 
blocks, it is evident that this liquid resulted from the action of the fungus 
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on the potato. Observations made at various stages in the process 
showed that the mycelium enveloped but did not penetrate the blocks. 
The middle lamellae first softened, then the cell contents and cellulose 
walls. The starch grains were corroded and eventually entirely dis¬ 
solved. If the mycelial mass surrounding the space originally occupied 
by an individual block was broken open at the proper stage it was found 
to inclose a cavity approximately the size and shape of the original 
block but containing nothing but a residue of liquid. Earlier stages 
showed free starch granules or disintegrating tissue. The starch appears 
to be the last of the solids to disappear. If the cultures were allowed 
to remain undisturbed for a' sufficient period, at least partial autolysis 
of the mycelium and sclerotia occurred and the flasks instead of being 
practically filled contained a more or less compact aggregate of mycelial 
slime and embedded sclerotia of 200 or 300 cc. volume nearly submerged 
in a few hundred cubic centimeters of brown liquid. 

Examination of the raw potato blocks at various stages of disinte¬ 
gration indicated that the fungus accomplishes its work without pene¬ 
trating the tissue. The logical inference is that digestive enzyms are 
secreted which dissolve the host tissue and the digested material becomes 
available to the fungus by diffusion and osmosis, Taubenhaus 5 made 
no special study of the enzymic activity of the fungus but states that—■ 
infection seems to be favored by an emzym secreted by the advancing mycelial 
strands. . . . Fungous liyphae are not found within the cells but only between 
them where the middle lamella has disappeared. 

Under the artificial conditions of the writers’ flask experiments even such 
mycelial penetration appeared confined to a very shallow surface layer 
or failed entirely. 

Enzym preparations of the hyphae obtained by the acetone-ether 
method and enzym-bearing powders obtained from the amber liquid by 
the alcohol precipitation method were used in studying the action of the 
fungus. Disks of raw potato in water were treated under aseptic con¬ 
ditions with each of the enzym preparations as well as with filtered water 
extracts of each of them. Such disks invariably softened to the con¬ 
sistency of curd, whereas control disks similarly handled but with the 
addition of no enzym-carrying preparation or extract remained firm. 
Similar results were obtained when toluene was used as an antiseptic 
without special precautions against the entrance of organisms. The 
disks disintegrated through the softening of the middle lamellae and the 
consequent freeing of the individual cells, just as may be seen in the 
initial stages of decomposition in the presence of the fungus itself. 

SUMMARY 

(1) Infection of the Irish potato plant with Sclerotium rolfsii Saec, 
may manifest itself in a variety of symptoms which, according to their 
appearance, may be grouped as seed-piece rot, damping-off,' stemrot, 
wilt, and blight. 

(2) Infection of the potato tuber results in a progressive soft white 
rot, which may take on a so-called “melter” form with profuse extrusion 
of liquid. 

(3) The destruction of the host tissues may be accomplished without 
hyphal penetration by means of digestive enzyms. * 

(4) Existence of varietal strains in the fungus known as Sclerotium 
rolfsii is quire apparent from the physiological and morphological dif¬ 
ferences of the cultures studied by the writers, 


5 TAT 7 BENHAUS, J. J., OP. CIT., p. 132-133. 





PLATE i 

Sclerotium rolfsit on potato: 

A, —Wilt and stem decay at the base from artificial inoculation of seed tubers. 

B. —A dwarfed plant grown from an inoculated seed tuber. 
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PIvATK a 

Sckrotium wlftii on potato: 

A. —Typical syuiptoms of wilt, result of artificial inoculation. 

B. —A severe blighting condition., result of artificial inoculation. 



PLATE 3 

Cultures of Sclerotium rolfsii on raw potato slices covered with sterile'filter paper, 

A, —Culture No. 127 from a diseased potato stem grown in Arkansas. 

B, C.—Culture No. 126 from a diseased tuber grown in NortluCarolim. 

C, —Clusters of the sclerotia. 
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EXAMINATION OF AUTHENTIC GRAPE JUICES FOR 
METHYL ANTHRANILATE 1 

By ^Frederick B. Powkr, Chemist in Charge, and Victor K. Chhsnut, Assistant 
(chemist, Phytochemical Laboratory, Bureau oj Chemistry , United States Department of 
Agriculture . 

In a preliminary communication by the present authors 3 attention was 
directed to the occurrence of methyl anthranilate in grape juice, and it was 
then observed that this compound is contained to the largest extent in 
juices of the Concord type, although the quantity present in a number 
of other varieties was sufficient to permit of detection by the delicate 
test employed. 3 Through the kind cooperation of Dr. J. S. Caldwell, of 
the Bureau of Plant Industry, United vStates Department of Agriculture, 
we have been provided with a large number of samples of genuine grape 
juices which were prepared from definite varieties of the fruit and in 
different sections of the country. It has thus been made possible for us 
to obtain further information respecting the distribution of methyl 
anthranilate in grapes of different botanical origin. 

The grape is preeminently a North American plant, for among the 
number of species of the genus Yitis found in the world, which is generally 
considered by botanists to range from 40 to 60 > 4 more than half are natives 
of this continent. The number of varieties of the grape described in 
American viticultural literature is said to be more than 2,000, while twice 
as many more are mentioned in European treatises on the vine. 

Inasmuch as the principal object of the present investigation was to 
determine whether methyl anthranilate is a common constituent of the 
grape or whether its occurrence is restricted to certain distinct species 
of the genus Yitis, or the varieties derived therefrom by cultivation, 
consideration may first be given to the recognized botanical origin of 
the grapes examined, which are designated by their popular name$ % 

A very complete elucidation of the subject of American grapes is con¬ 
tained in a work by U. P. Hedrick, 5 to whom we are indebted for much 
of the information concerning the botanical relationships of the numerous 
varieties of grapes used in the present investigation. Hedrick 8 has also 
published a smaller and more recent work on this subject. 

In the classification of grapes a primary distinction is made between 
those of the Old World and those of the New World, and it has been noted 
that the grape is probably influenced to a greater degree by soil, climate, 
and culture than any other fruit. In the Old World a single species of 


1 Accepted for publication.Aug., ia, loss. 

* Power, Frederick B., and Chesnut, Victor K. the occurrence of methyl anthranilate m grape 
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grape is cultivated—the Viiis mnifera L. and its varieties. This species 
is grown for the production of wine and for making raisins because its 
varieties have a higher sugar and solid content than those of the American 
species, which are cultivated chiefly for table use. The European 
varieties are considered to have a more delicate and richer vinous flavor 
and a more agreeable aroma, with less acidity, than American table grapes, 
although the latter are more refreshing and their unfermented juice makes 
a more pleasant drink. 

The most commonly cultivated native American species of grape is 
the Viiis labrusca L., which, in the wild state, occurs in black-, white-, 
and red-fruited forms. Its numerous varieties possess a characteristic 
flavor and aroma, often described by the terms “foxy” or “musky,” 
and if not too pronounced this musk-like flavor is often very agreeable. 
A typical representative of this species is the Concord grape. Another 
northern species, the varieties of which are esteemed for wine making, 
is V, riparia Michx. The variety under cultivation which is considered 
one of the best representatives of this species is the Clinton grape. 

Many attempts have been made to grow the European grape in the 
eastern part of North America, but for various reasons these have resulted 
in failure, the climate particularly not being suitable. 7 It is only in the 
regions west of the Rocky Mountains, and more particularly in California, 
that the varieties of Viiis vinifera are successfully cultivated in America, 
and the great viticultural interests of the far West are said to be founded 
upon the success of this one species, with which the native grape can not 
compete for any purpose. Nevertheless, American species are regarded 
as indispensable in this western region for stocks upon which to graft the 
vinifera varieties, and it is said to be probable that the time is not far 
distant when all California vines will be growing upon roots of American 
species. The number of. vinifera varieties grown for wine, raisins, and 
table grapes extends into hundreds, and it has been noted that the great 
success met with in the cultivation of this species west of the Great Con¬ 
tinental Divide makes all the more remarkable the fact that in no place 
east of the Divide will varieties of it thrive. 

One of the species of Vitis which for many years has been the favorite 
grape in many sections of the South is V. roUmdijolia Michx. This is 
represented by tlie so-called Scuppernong or Muscadine grape. The 
fruit of all the varieties of this species is characterized by a strong musky 
aroma, but it is lacking in both sugar and acid. It is not suitable for 
table use, chiefly because the berries ripen unevenly and when ripe drop 
from the clusters. Another southern species is V. aestivalis Michx., best 
represented by the Norton grape. 

I. GRAPES OF THE EASTERN STATES 

The following varieties of the grape, which are cultivated in the eastern 
part of North America, were examined for methyl anthranilate. The 
juices from all these varieties were personally prepared by Dr. J. S. Cald¬ 
well from ripe fruit grown at Vineland, N. J., and were therefore per¬ 
fectly authentic. 8 In this enumeration the accepted botanical derivation 
of each, variety is noted, together with the general characters of the fruit* 


' 1 Further efforts'in this, direction have recently been made at the New York Agricultural Experiment 
Station with more promise of success. 

a Ah these juices were cold-pressed and were pasteurized by heating at a temperature of 75 to 80® C, 
Samples of juice of the Worden and Concord grapes were also prepared by heating the crushed grapes to 
& before pressing. The results of the tests for methyl anthranilate with both cold- and hoi-pressed juices 
were practically identical. 
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A. VARIETIES WHICH GAVE A STRONG REACTION FOR METHYL ANTURANILATK 

Concord (V. labrusca).— This is regarded as a pure-bred labrusca. The berries are 
black with a blue bloom. It is the most widely grown of the grapes of this continent, 
and furnishes 75per cent or more of the grapes of eastern America. Grape juice is 
made almost entirely from this fruit, and since the European grape does not make a 
good imfermented juice the industry is subject to 210 competition from California or 
Europe. 

Eaton (V . labrusca ).—This is considered to be a pure-bred seedling of the Concord 
variety. The berries are large and black and are covered with a heavy blue bloom. 

Worden (V. labrusca). —An offspring of the Concord grape. The berries vary 
from dark purplish black to black and are covered with a heavy blue bloom. 

Niagara ( labrusca-vinifera hybrid).—One of the parents of this grape is the Concord. 
The berries are light green find are covered with a thin gray bloom. 

Martha (possibly a labrusca-vinifera hybrid).—This is a seedling of the Concord, 
which it resembles greatly but from which it differs in several particulars. The 
berries are light green with a tinge of yellow and are covered with a thin gray bloom. 

Ives (possibly a labrusca-aesiivalis hybrid).—The berries are jet black and are 
covered with a moderate amount of blue bloom. 

Delaware ( labrusca-bourquiniana-vinifera hybrid).—The berries vary from small 
to medium, are light red, and are covered with a thin lilac bloom. 

MontefiorE (riparia-labrusca hybrid).-—The berries are black and glossy and are 
covered with an abundant blue bloom. 

Missouri Riesling ( riparia-labrusca hybrid).—The berries are pale or yellowish 
green, changing to light red or having a tinge of pink when fully ripe, and are covered 
with a thin gray bloom. 

B. VARIETIES WHICH GAVE A SLIGHT BUT DISTINCT REACTION FOR 

methyl anthranilate 

Pockungton (V. lab rusca) . —A so-called white grape and seedling of the Concord. 
The berries are yellowish green and are covered with a thin gray bloom. 

LucilE (V. labrusca).'— The berries are dark red and are covered with a thin lilac 
bloom. 

VergennBS (V. labrusca). —The berries are either light red or dark red and are cov¬ 
ered with a lilac bloom. 

Brighton (labrusca-vinifera hybrid).—The berries are either light red or dark red 
and are covered with a dark lilac bloom. 

Campbell Early ( labrusca-vinifera hybrid).—The berries are dark purplish black 
and are covered with a heavy blue bloom. 

Woodruff Red (possibly a labrusca-vinifera hybrid).—This has been supposed to 
be a cross of the Catawba and Concord grape. The berries are dark brick red and are 
covered with a thin lilac to faint blue bloom. 

LindlEy ( labrusca-vinifera hybrid).—The berries are dark brick red and are covered 
with a lilac or faint blue bloom. 

HERBERT ( labrusca-vinifera hybrid).—The berries are a rather dull black and are 
covered with a thick blue bloom. 

Diamond ( labrusca-vinifera hybrid),—The berries are green and are covered with a 
thin gray bloom. 

Merrimac (labrusca-vinifera hybrid).—The berries are black and glossy and are 
covered with tin abundant blue bloom. 

Agawam (labrusca-vinifera hybrid).—The berries are dark and dull purplish red, 
somewhat resembling the Catawba, and are covered with a lilac bloom. 

Wilder (labrusca-vinifera hybrid).—The berries are large, purplish black to black, 
and are covered with a heavy lilac bloom. 

Barry (labrusca-vinifera hybrid).—The berries are large, dark purplish black to 
black, and are covered with a heavy blue bloom. 

Perkins (labrusca-vinifera hybrid).—The berries vary from large to medium, are 
dull green, changing to pale lilac or light red when fully ripe, and are covered with a 
rather abundant gray or lilac bloom. 

Isabella ( labrusca-vinifera hybrid).—The berries vary from medium to large, are 
deep black, and are covered with considerable blue bloom. 

Early Victor (possibly a labrusca-bourquiniana hybrid).—The berries are dark 
purplish black and are covered with a heavy blue bloom. 

Brilliant (labrusca-vinifera-hourquiniana hybrid).—The berries are dark red, 
rather glossy, and are covered with an abundant lilac bloom. 
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Diana (possibly a labrusca-vinifera-aestvvalis hybrid).—This is a seedling of the 
Catawba to which it bears a strong resemblance. The berries are somewhat irregular 
m size, rather light red, and are covered with a thin lilac bloom. 

Eumelan (iahrusca-vinijera-aestivaUs hybrid).—The berries are black and glossy 
and are covered with an abundant lilac bloom/ 

ClevenBr (possibly a lahrusca-riparia-aestivalis hybrid).—The berries are. black and 
rather glossy and are covered with a blue bloom. 

Rommel ( labrusca-riparia-vimfera hybrid).—The berries are light green with a 
yellow tinge, glossy r 3 and are covered with a moderate amount of gray blooxii. 

Elvira (riparia-Iahrusca hybrid).—The berries are greenish, with a yellowish tinge, 
and are covered with a fair amount of gray bloom. 

Clinton ( riparia-lahrusca hybrid).—The berries are dark purplish black to black, 
glossy, and are covered with a rather thick blue bloom. 

Ironclad or Diogenes {riparia-Iahrusca hybrid).-“--The berries,are small, jet black, 
glossy-, and are covered with blue bloom. 

Franklin (ripana-labnisca hybrid).—A minor variety, which is said to resemble 
the Clinton very closely. 

Cynthiana (aestivalis-lahrusca hybrid).—The berries are small and black and are 
covered with a moderate amount of blue bloom. 

Norton (aestivaUs-lahrusca hybrid).—The berries are small and black, somewhat 
glossy, and are covered with a heavy bine bloom. 

Goethe (■ vinijem-labnisca hybrid).—This resembles to a marked degree the White 
Malaga grape of European fame. The berries are large, pale red, and are covered with 
a thin gray' or slightly lilac bloom. 

Dutchess (vinijera-lahrusca hybrid, with possibly bourquiniaua and aestivalis ). - 
The berries are pale yellowish green and are covered with a thin gray bloom. 

King Philip (a minor variety, considered to be a vinijera-labrusca-riparia hybrid).— 
The berries are purple. 

c. varieties which gave no reaction for methye anthranilate 

Catawba ( labrusca-vinifera hybrid),—-The berries are intermediate in size, dull 
purplish red, and are covered with a moderate amount of lilac bloom. 

Ulster ( labrusca-vinijera hybrid).—The parents of this grape are said to be the 
Catawba pollinated by a wild aestivalis. The berries are dark dull red and are cov¬ 
ered with a thin, light to dark lilac bloom. 

Salem ( labrusca-vinifera hybrid).—The berries vary from large to medium, are very 
dark dull red, and are covered with a medium amount of blue bloom. 

Hkrbbmont (V. bourquiniaua ).—The berries are reddish black or brown, with an 
abundant blue bloom. 

Nectar ( labrusca-bourquiniana hybrid, with possibly vinijera). —The berries are 
intermediate in size, dark purplish black, and are covered with a heavy blue bloom. 

Noah (riparia-lahrusca hybrid).—The berries are small, light green tinged with 
yellow, and are covered with a thin gray bloom. 

Canada (ripana-lahrusca-vinijem hybrid).—The berries vary from medium to 
small, are purplish black to black, glossy, and are covered with a heavy dark blue 
bloom. 

Bbrckmans ( nparia-labrusca-bourquiniana hybrid).—The berries are intermediate 
in size, resemble the Delaware in color, and arc covered with a lilac bloom. 

In connection with the preceding classification, which is based upon 
the occurrence or absence of methyl anthranilate, it has been. deemed of 
interest to present a survey of the numerous varieties of the grape ex¬ 
amined by arranging them according to their botanical derivation. The 
variations respecting the occurrence of methyl anthranilate in the 
different botanical groups may thus readily be seen, and the relative 
amounts and the absence of the particular ester are indicated by the 
following signs: -f + indicates a strong reaction; + indicates a slight but 
distinct reaction; — indicates a negative result. 




Jan. 6 „ 1923 


Occurrence of Methyl Anthranilate in Grape Juice 


5‘ 


Labrusca. 

44 Concord. 

+ 4 Worden. 

-f Pocklington. . 

-f+ Baton. 

4- Lncile, 

4 * Vergennes. 

Lab ruse a-vinifera. 

44 Niagara. 

4- Brighton. 

4 Woodruff Red. 

4 Herbert. 

4 - Merrimac. 

4- Wilder. 

4 - Perkins. 

— Catawba. 

44 Martha. 

4 - Campbell Early. 

4 - Bindley. 

4 Diamond. 

4 - Agawam. 

Barry. 

4 - Isabella. 

— Salem. 

— Ulster. 

Labrusca'baur quinta n a. 

4 Early Victor. 

L at) ruse a- aesitval is . 

4-4 Ives. 

LaJjrusca-viuifera-baurqumiana. 

4 Brilliant. 

Labrusca-vimfcra-aestirafis. 

4 Diana. 

4 Humeian. 


* 


Labrusca-bourQuiniana-vinifera. 

44 Delaware. 

— Nectar. 

Labrusca-riparia-vinifera. 

4 Rommel. 

Labrusca-ri parm-aesikal is. 

4 Clevener. 

Viniferarlabmsca . 

4 Goethe. 

4 - Dutchess. 

V inifera-labr u scat-rip aria , 

4 King Philip. 

Riparia4abmsca. 

44 Montehore. 

4 - Clinton. 

4 Franklin. 

44- Missouri Riesling. 

4 - Elvira. 

4 - Ironclad (Diogenes). 

— Noah. 

Riparia-labr usca-vi mjera . 

— Canada. 

RiParia-labrusea-bowrquimana. 

— Berckmans. 

A esiivalis4ahrusca. 

4 Cynthiana. 

4 Norton. 

Bourquiniana. 


— Herbemont. 

II. GRAPES OF THE SOUTHERN STATES 


The grapes of the Southern States, as previously noted, are derived 
, chiefly from the species known as Vitis roiundifolia or its varieties. 
Through the courtesy of Dr. J. S. Caldwell we were provided with samples 
of so-called Muscadine grape juice which had been prepared by Charles 
Bearing and Guy F. Yerkes, of Willard, N. C. These samples were 
designated by the following popular names of the particular varieties 

* of grape: (1) Thomas, (2) Scuppemong, (3) Latham, (4) Mish. All the 
juices were cold-pressed and were clear, pale yellow or brownish yellow 
liquids. They had a sweetish, honeylike odor, quite unlike that of 
the northern grape juices. The test for methyl anthranilate, which was 
conducted with 500 cc. of the respective samples, gave in all cases a 

( ' perfectly negative result. 

\ . 

III. CALIFORNIA GRAPES 

I . . ■ 

- 4ti ■ . . . 

%X The, grapes of California may be considered as representative of the 

. ^Suroppan species, Vitis vinifera , of which a very large number of varieties 
nave been produced through cultivation. Two samples of juice from 
grapes of the 1921 crop were kindly supplied by Prof. W. V. Cruess, 
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of the University of California, and reported by him to be true to name. 
These were designated as (i) Muscat and (2) Petite Shall. The Muscat 
juice was expressed without heating and was pasteurized in the container 
at 175 0 P. The Petite Sirah juice was prepared by heating the crushed 
grapes to about 160° P., and pasteurizing in the container at 175 0 F. 
The Muscat juice was a pale yellow liquid, having a sweetish odor. 
When distilled for the purpose of the test, the first portion of the distillate 
was observed to be very fragrant, the odor being* somewhat like that 
of nutmeg. The Petite Sirah juice -was a deep purplish red liquid, 
without much odor but having a pleasant, very sweet taste. No reaction 
for methyl anthranilate could be obtained with either of these liquids 
when portions of 500 cc. were subjected to the special test. 

We are indebted to Mr. Elmer Snyder, of Fresno, Calif., for several 
additional samples of California juices, which were supplied by the 
California Wine Association and designated as follows: (1) Muscat, (2) 
Burger, (3) Sauvignon vert, (4) Zinfandel, (5) Alicante Bouschet. The 
first three of these samples were pale yellow or brownish yellow liquids, 
while the fourth and fifth had a deep purplish red color and a somewhat 
distinctive odor. The light-colored juices were cold-pressed, while the 
purplish red ones were obtained by heating the grapes before pressing. 
In none of these five samples of grape juice could any trace of methyl 
anthranilate be detected. 

COMMERCIAL GRAPE JUICES 


In connection with the examination of juices from definite varieties 
of the grape it was deemed desirable to ascertain the character of some 
of the commercial products, of which a considerable number were avail¬ 
able. 

The products from 33 manufacturers of grape juice in the Eastern or 
Central States, all of which were either definitely declared to have been 
made from Concord grapes or were deep red liquids having the characters 
of pure Concord juices, gave evidence of the presence of methyl anthranil¬ 
ate, but not in larger proportions than had been found in perfectly 
authentic juices. The same positive results were obtained from a red juice 
produced in the State of Washington. This juice was stated to have 
been made from Concord and Worden grapes, and it was collected 
directly from the press by an official inspector from the Bureau of Chem¬ 
istry, United States Department of Agriculture. On the other hand, one 
sample of a California product, although labeled “Concord Grape Juice n 
and containing methyl anthranilate, was a yellowish liquid having a 
sweetish, honeylike odor, quite unlike that of a pure Concord juice. Its 
authenticity and purity were therefore extremely doubtful. Very slight 
reactions for methyl anthranilate were obtained with two red juices, pro¬ 
duced by Eastern manufacturers, which were not designated as Con¬ 
cord; and traces of the ester were indicated in two commercial Catawba 
juices, both of which were clear, pale yellow liquids containing sulphur 
dioxld. 

Only a few commercial juices gave results which indicated the complete 
absence of methyl anthranilate. These comprised the following products: 
(1) Two samples designated simply as grape juice, which were clear, pale 
yellow liquids; (2) one sample specifically designated as Catawba juice, 
which was a clear, bright yellow liquid; (3) three samples of red California 
juices, one of which was stated to have been prepared from ripe wine 
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grapes of the transplanted European varieties, while another was 
designated as Alicante grape juice, and the third sample was only claimed 
to be the juice from ripe California grapes; (4) one sample of red. juice 
obtained from the State of Washington and presumably prepared from 
a variety of the European grape; the expression of this juice was super¬ 
vised by an. inspector from the Bureau of Chemistry, United States 
Department of Agriculture. 

In the course of the preceding investigation a sample of loganberry 
juice was examined for the presence of methyl anihranilate but, as was 
anticipated, with a perfectly negative result. 

CONCLUSIONS 

In considering the results of this investigation it is of interest to observe 
that those grapes which are regarded by viticulturists as representing pure¬ 
bred Vitis labrusca contain methyl anihranilate. With few exceptions 
it was also found in varying amounts in all those varieties which represent 
hybrids of V. labrusca t and especially when this species predominates. 
On the other hand, this ester could not be detected in juices from Califor¬ 
nia grapes, which are derived from the European V. vinifera, nor in juices 
from southern grapes, derived from V. rotwndifolia. A negative result 
was likewise obtained with the one available sample of juice from the 
species known as V. bourquiniana Munson. 

Inasmuch as considerable uncertainty appears to exist with regard to 
the botanical origin of several varieties of the grape it is possible that a 
determination of the presence or absence of methyl anihranilate may 
possess some diagnostic value. _ The extent to which this compound 
occurs in any particular variety may, however, be influenced in some 
degree by the soil and climate, as it doubtless would be by varying con¬ 
ditions of ripeness of the fruit. 

Although it may be presumed that methyl anihranilate imparts a 
distinctive odor to those varieties of the grape in which it occurs, it 
evidently does not completely represent their odorous constituents. As 
already noted, it was not found in the juice of the Catawba grape, which 
possesses a characteristic aroma, and it has been observed that the 
botanical characters of this variety are those of Vitis vinifera crossed with 
V, labrusca . A complete chemical examination of the odorous con¬ 
stituents of grapes, which probably differ to some extent in the numerous 
varieties, still remains to be accomplished. 
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EFFECT OF VARIOUS INORGANIC NITROGEN COM¬ 
POUNDS, APPLIED AT DIFFERENT STAGES OF 
GROWTH, ON THE YIELD, COMPOSITION, AND QUAL¬ 
ITY OF WHEAT 1 


By Jehiel Davidson, Soil Chemist, and j. A. LeClErc, formerly Chemist in Charge, 
Plant Chemical Laboratory , Bureau of Chemistry, United States 
Department of Agriculture 

INTRODUCTION 

" In a series of experiments reported in 1917 and 1918 2 sodium nitrate 
was applied at different stages of growth. When the sodium nitrate 
was applied at the first stage, when the crop was about 2 inches high, 
an increase in yield was obtained. When applied at the second stage, 
at the time of heading, the yield was not affected, but a higher nitrogen 
content, both in the grain and straw, was obtained, and yellow-berry 
was practically eliminated. When applied at the third or milk stage, 
almost no effect was observed. The wheat used in those experiments 
was a soft winter wheat. The terms flinty and yellow-berry refer not 
to the typical qualities of wheat designated by them but only to the 
color of the grain. 3 

The experiment discussed in this article was undertaken with two 
objects in view. One was to repeat the previous experiments with a 
hard winter wheat in a region where the prevalence of typical yellow- 
berry fluctuates from year to year; the other was to determine the effect 
of nitrogen derived from carriers other than sodium nitrate. 

The experiment was carried out on the farm of the Claassen brothers, 
near Beatrice, Cage County, in the State of Nebraska, 4 in the summer of 
1917. 


1 Accepted for publication July 2, 1921. 

* Davidson, j. t and BeClekc. J. A. the effect of sodium nitrate applied at different stages of 

GROWTH ON THE YIELD, COMPOSITION, AND QUALITY OF WHEAT. In Jo UT. AlXlCr. SOC. AgrOU., V. 9, nO. 4, 
p. 145-154? 1917; V. 10, no. S, p. 193-198, icuS- 

a Since this work was completed, W. F. Gericke (on the protein content of wheat. In Science, 

N. S., V. 52, p, 446-447. 1920; DIFFERENCES EFFECTED IN THE PROTEIN CONTENT OF GRAIN BY APPLI¬ 

CATIONS OF NITROGEN MADE AT DIFFERENT GROWING PERIOD'S OF PLANTS. In Soil Science, V. 14, p. 103- 
109. 1922) reported results which, with due allowance for the greenhouse conditions under which his 

experiments were carried cut, are identical in their essential tendencies with the results just referred to. 
The two papers by Davidson and LeClerc , 2 which had been presented at consecutive annual meetings of 
the American Society of Agronomy before they were published, seem to have escaped Mr. Gericke's 
notice, as he asserts (Science, LOG. cit.) that his results obtained with wheat, one of the plants studied, 
throw new light upon this protein question. 

4 The authors wish to acknowledge the valuable assistance of County Agent I,. B. Rist and of the owners 
of the farm. 
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EXPERIMENTAL WORK 
PLAN OP THE EXPERIMENT 

The plan of the experiment is given in the following table: 


Plot 

No. 


Stage x (crop about 8 inches 
high). 


Sodium 

pounds) 


8 

9 

10 

11 

12 

13 

14 

*5 

16 

17 

15 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 


Potassium 

pounds). 


Stage 2 (time of heading). 


nitrate (2 


eWorld (1.8 


Calcium nitrate (2 
pounds), 


Stage 3 (milk stage). 


Sodium nitrate (2 
pounds). 


Potassium chlorid (1.8 
pounds). 


Ammonium snip h a t e 
(1. 5 pounds). 


Sodium hydroxid (0.9 
pound). 


Potassium nitrate (2.4 
pounds). 


Sulphuric acid (2980c.). 


Ammonium chlorid (1.3 
pounds). 


Potassium hydroxid (1.3 
pounds). 


Ammonium nitrate (0.94 
pound). 


Calcium nitrate (2 
pounds). 


Ammonium sulphate 
(1.5 pounds). 


Sodium hydroxid (0.9 
pound). 


Potassium nitrate (2.4 
pounds). 


Sulphuric acid (298 cc.). 


Ammonium chlorid (r.3 
pounds). 


Potassium hydroxid (1.3 
poimds). 


Ammonium nitrate (0.94 
pougd). 


S o d i u m nitrate (2 
pounds). 


Potassium chlorid (r.8 
pounds). 


C a 1 c i u m 11 i t r a t c (2 
pounds). 


Ammonium s ti 1 p h a t e 
(1.5 pounds). 


Sodium hydroxid (0.9 
pound). 


Potassium nitrate (2.4 
pounds). 


Sulphuric acid (298 cc. ). 


Ammonium chlorid (1.3 
pounds). 


Potassium hydroxid (1.5 
poimds). 























Jan. 13, 1923 


Effect of Inorganic Nitrogen on Wheat ' 


57 


Plot 

No. 


0 L 
3 2 

33 

34 

35 

36 

37 

38 

39 

40 

4 r 

42 

43 

44 

45 

46 

47 

48 

49 

50 


5 2 

53 

54 

55 
5<j 
57 


Stage 1 (crop about 8 indies 
high). 

j 

Stage 2 (time of heading). j 

i 


| 

Water ( 2 ? gallons). 

Water (2 < gallons). 1 

Control. ' 

i 

Sodium chlorid (1.4 i 
pounds). | 

Sodium chlorid (1.4 
pounds). 


Calcium chlorid (1.3 
pounds). 

Calcium chlorid (1.3 
pounds). 


Hydrochloric acid (887 

be.). 

j 

Hydrochloric acid (887 l 
cc.). 1 


Potassium sulphate?. (2 
pounds). 

! 

| 

Potassium sulphate (2 j 
pounds). j 

. 


Magnesium nitrate (1.7 
pounds). 

| 

[ 

Magnesium nitrate (1.7 
pounds). 


: Magnesium chlorid (1.1 
pounds). 

Magnesium chlorid (1.1 
pounds). 

j. , ! 

Nitric acid (678 cc.). 

Nitric acid (678 cc.). 



Ammonia water( 1,490 cc.). 


Water (25 gallons). 

Water (2 ^ gallons). 

Control. 



Stage 3 (milk stage). 


Ammonium nitrate (0.94 
pound). 

Water (25 gallons). 


Sodium eWorld (1.4 
■ pounds). 


Calcium ch lorid (1.3 
pounds). 


Hydrochloric acid (887 
cc.). 


Potassium sulphate (2 
pounds). 


Magnesium nitrate (1.7 
pounds). 


M agnesium ch lorid (1.1 
pounds). 


Nitric acid (678 cc.). 

Ammonia water (1,490 cc.) 
Water (25 gallons). 


The applications of the various chemicals were calculated at the rate of 
320 pounds of sodium nitrate to the acre. The nitrogen carriers were 
used in such proportions as to give an amount of nitrogen to the acre 
equal to that supplied by the application of sodium nitrate. The other 
elements were applied in such proportions as to give amounts to the acre 
equal to those supplied by the nitrogen carriers. The acids were used in 
amounts which were chemical equivalents of their respective neutral 
salts. The exact quantities of the chemicals used to the plot are shown 
in the foregoing table. The chemicals were applied in solution only, and 
25 gallons of water were used in each*case. The experiment was con¬ 
ducted in duplicate (series A and series B), An average of the results 
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of the two series was not taken, as the purpose of the work was to demon¬ 
strate tendencies rather than to obtain absolute figures. 

The plots comprised i square rod each, with 2-foot alleys between them. 

PRINCIPLES UNDERLYING SELECTION OF CHEMICALS 

When flinty wheat kernels were soaked in the laboratory in. a slightly 
acid solution they lost their brown color, and when, yel.low-beiT.ied kernels 
were soaked in a slightly alkaline-solution they acquired the brown col¬ 
oration characteristic of flinty grain. This suggested the idea that* the 
color characteristics of flinty and yellow-berried grain constitute indica¬ 
tor reactions with alkalies and acids, as well as the possibility that the 
elimination of yellow-berry caused by the application of sodium nitrate 
was due to the residual effect of the sodium base. 

The nitrogen carriers used in this experiment were accordingly of 
two distinct groups: Nitric acid and its salts and ammonia and its salts. 
The salts of the nitric acid belong to the physiologically alkaline group. 
Since the plants use the nitrogen of the acid radicles more readily than 
that of the basic elements, residues of basic radicles are left. Following 
the same reasoning, the salts of ammonia may be placed in the physio¬ 
logically acid group. Ammonium nitrate is a physiologically neutral 
salt. Nitric add would have the status of a nitrate, since it attacks the 
physiologically neutral salts of the soil, particularly the carbonates, 
thus being transformed into a physiologically alkaline substance. Am¬ 
monia, which nitrifies very readily, would have approximately the same 
status as nitric acid. The status of potassium nitrate would depend 
upon the rate of assimilation of potassium and nitrogen by the plants, 
which would vary with soil conditions. If these two elements were 
assimilated by the plants at the same rate, the status of potassium nitrate 
would be that of a physiologically neutral substance. Should these two 
elements be assimilated at different rates, its status would always be that 
of a physiologically alkaline substance. Should nitrogen be assimilated 
more readily, a residue of basic potassium would be the result. On the 
other hand, should potassium be assimilated more readily, the residue 
would be nitric acid which, as just explained, would act as a physio¬ 
logically alkaline substance. 

The same principle underlies the selection of the other chemicals. It 
was expected that the acids and alkalies would produce direct effects 
of alkalinity and acidity. The salts of potassium were counted on to 
produce physiological acidity. The physiologically neutral salts were 
intended to serve as controls with reference to the residual acid and basic 
radicles of the nitrogen carriers. 

The term “residual effect” is used in this connection to signify the * 
possible effect of residual acid or basic radicles on the soil reaction, as 
well as their effect on the physiological reaction of the plant tissues. 

FACTORS WHICH TENDED TO DISTURB THE REGULARITY OF RESULTS 

The plots were laid out in the spring just before the first application. 
Due to the fact that the wheat in Nebraska in that year suffered heavily 
from late frosts, it was impossible to obtain uniform plots. The part of 
the field used for series A was fairly uniform, and the plots were laid out 
consecutively. The section of the field which was available for series B 
was entirely lacking in uniformity. An attempt was made to select fairly 
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uniform plots for the three applications of each chemical and also for 
certain groups of chemicals. The more uniform plots were assigned to 
the nitrogen carriers. Consequently, the control plots were not true 
representatives of normal conditions. Deviations from the controls 
were not necessarily due to the treatments in the case of the tendencies 
which were not sharply defined but which might have been detected 
under normal conditions. 

Another element of disturbance affecting the regularity of the results 
was introduced by the fact that there was no uniform transition from one 
stage to another. When most of the plants on the plots were headed out 
some had not yet reached that stage. The same thing occurred during 
the transition from the second to the third stage. 

Moreover, a heavy rainfall, coming just as the treatment of one series 
was finished, interfered with the second stage application. Part of the 
chemicals applied to that series were thus probably washed out. The 
other series had to be treated when the soil was completely saturated. 
As a result, a portion of the chemicals which were applied in solution ran 
off from some of the plots. This probably accounts for part of the irregu¬ 
larities which, will be found in the tables. 

With all these disturbing factors, however, the principal tendencies 
resulting from the application of the various nitrogen carriers were not 
obscured, due probably to the fact that of the 114 plots of the experiment 
54 received nitrogen. The remaining 60 plots served as controls with 
reference to the effects of this element. Similarly, the plots which re¬ 
ceived the nitrogen in the third stage frequently served as controls for 
the plots of the other two stages of the groups. 

Table I .—Total yield and percentage of grain from plots to which chemicals were applied 

at various stages of growth 


Series A. 


Series B, 


Chemicals applied. 


Sodium nitrate.. 

Potassium chloric!. 

Calcium nitrate. 

Ammonium sulphate.. 

Sodium hydroxid. 

Potassium nitrate.. 

Sulphuric acid.. 

Ammonium chloric!..., 
Potassium hydroxid,. . 
Ammonium nitrate.,.. 

■Water. 

Control. 

Sodium chlorid. 

Calcium chlorid. 

Hydrochloric acid. 

Potassium sulphate,., 

Magnesium nitrate.... 

Magnesium chlorid_ 

Nitric arid. 

Ammonia. 

Water. 

Control. 


Total yield. 

Percentage of 
grain. 

Total yield. 

Percentage of 
grain. 

Stage 

Stage 

Stage 

Stage 

Stage 

Stage 

Stage 

Stage Stage 

Stage 

Stage 

Stage 

1. 

2. 

3 . 

X. 

2. 

3 * 

n 

2. 

3 - 

1. 

2. 

3 . 

lbs. 

50.2 

Lbs. 
3 1 * 1 

Lbs. 
28.5 

36. 9 

41.9 

42* 7 

Lbs. 

34-7 

Lbs. 
ah. 5 

Lbs. 

23-4 

33 - 3 

42.3 

38. 2 

30.0 

33 - a 

24. 2 

42. 9 

40. 5 

40.4 

26. 0 

25 * 5 

23-7 

39 * 6 

41*9 

42.4 

45-9 

33 * 0 

23*1 

37*3 

41.5 

42,8 

33*5 

23. 0 

34. S 

35-9 

38. 2 

38.3 

39-5 

33 * 5 

29*3 

34 * 5 

39*3 

38.6 

29 - 5 

35.4 

22.5 

40.1 

39-4 

36.8 

27.0 

25. 0 

31 . 7 

36.8 

45 * 8 

40.4 

27, 2 

28. 2 

21*5 

42.4 

39 * 8 

42.4 

39 . 8 

29 * 5 

27* 5 

38 . 5 

39*4 

40. 7 

33 - 5 

31*8 

25*4 

34.8 

40. 2 

39*5 

26.0 

21. s 

24.6 

42. 2 

41*3 

39-3 

22.8 

24* 2 

35. 2 

41. 8 

42.6 

38.8 

39.0 

32. 0 

23 * 7 

46. 3 

41*3 

42. 6 

30. 6 

26. 7 

31 . O 

39 - 5 

42.3 

43*0 

22, 0 

23 . 3 

29*9 

44 * 1 

41. 8 

42. 6 

25. 0 

24.8 

23.O 

42. 6 

4 t. 7 

42.7 

49 - 7 

37 - 9 

29. 7 

38. 2 

42. 1 

43 -a 

38. 2 

26.3 

25.6 

34 . 3 

40. 8 

42. 7 

S 34 - 2 

24. 5 
24* 7 
i 27. s 

j 30. 0 

44 * 0 

43 * 6 
43. s 

43 * 2 

44-1 

24.7 

23-5 
24.5 
24. s 

22. 9 

44 * 2 

44 * 3 
41. 8 
41*9 

IW* 

42. 5 

i 33-8 

1 33 * S 

! 3 i* 5 

40.0 

44*5 

37*4 

22. 8 

23. 0 

24, 0 

44 * 6 

43 * 3 

41.9 

i 25 * i 

23*4 

' 25*0 

4 *. 6 

40*9 

42.9 

2 5 * 2 

23. 2 i 

33 * 5 

42. 7 

42. 8 

43*7 

32 - 7 

I 32 * * 

i 30 . 7 

4 T * 4 

41.5 

41.9 

27 * S 

25 - 5 

23. 0 

42 . 7 

42*3 

1 . 41 - J 

j 34-4 

! 26. 1 

: 23. 6 

40*3 

42. X 

45*4 

33*9 

26. 4 

21. 3 

37 * 2 

41. 4 

1 42*6 

j 34 - 7 

! 3 1 * 2 

, 27 * I 

41.4 

| 43 * 2 

j 43- S 

i 27. 0 

25.0 

24.4 

43 * 8 

43 * 5 

! 38.3 

! 40. 2 

i 2* 2 

| 

2 5*9 

33 * 9 

i 38. 2 

; 38.6 

j 35 - 0 

26.1 

24.3 

33*9 

37 * 7 

| 40. a 

j ^2 9 5 

1 ■ 

28.5 

29 - 6 



37 * 7 
40. 7 


j " * ’ 

! 

! 

at. 5 
ax. 7 



* 38.9 

39*8 
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TABLE II.—■ Percentage of yellow-berry in wheat from plots to which chemicals war applied 

at three stage ,y of growth 


Chemicals applied. 


Series A. 



Stage 1. 

Stage 2. 

Stage 3. 

Stage 1. 






Potassium chloric!. ! 


24* 3 
3-2 

40 3 

51 . 5 

Calcium nitrate.i 

13 - 5 

I 5 > 0 

9 - 7 

Ammonium sulphate.i 

IS- 5 

3-0 

33 - 

5, 7 

Sodium hydroxid.! 

. 71 . 4 

204 

21. 8 

7 5 . 9 

Potassium nitrate..! 

74- s 

2. 7 

12. 6 

4.0 

Sulphuric acid.i 

3 *- 3 

28.S 

42. 7 

31 . 9 

Potassium hydroxid.. 

! 26.8 

24-3 i 

! 20.8 

9'9 

Ammonium nitrate. 

12. 4 

3.1 ! 

1 77 ' 7 

4. i 

Water. 

Control. 

Sodium chlorid. 

3 U 2 

24.4 
22.2 
30 - 2 i 

34 - 6 ! 

18. s 

Calcium chlorid. 

3 *. 5 

31. s 1 

24.0 

T2. I. 

Hydrochloric acid. 

! 19. a 

! 26. 1 1 

32-4 

8. x 

Potassium sulphate. 

i 33 * 2 

! Ji. 1 ; 

j 24.8 

13 - 3 

Magnesium nitrate. : 

i 25.3 

} 9.5 

22. X 

10.3 

Magnesium chlorid. 

34- 8 

! 28.4 

i 33 - 0 

xx. 3 

Nitric acid. 

| 12. 1 

1 4- 2 

| 74.7 

3 - 7 

Ammonia.... 


1. 0 

■ 15,3 


Water. 1 

Control. 

i ... 

34 - 7 
25 . O 


!. 

1 

L. 


Scries B. 


Stage j 


5 - i 


1. 5 

At 4 

39 - 1 

4 - 4 

8.3 
3. x 
* 6 . 5 
tO. ,! 
<•'. t) 

r 3. o 
> S 
15. S 
$■(> 
14. 4 

i. 8 
O. ;$ 

1 7. o 
«■ S 


Stage .-5. 


13- 9 
IS- 1 
1 4 * 7 

14. 3 
17. 6 
4. 8 


IS. o 
12, 6 
10. 7 
IS- 3 
73 . 7 

20 . t 
8. 0 
1 a. 9 


Table III. —Weight per bushel and weight per 1,000 kernels of wheat from plots to which 
chemicals were applied at three stages of gro wth 


Chemicals applied. 

Series A. 


w 

. 



Series B 

eight per 
kernels 

3 ,00C 


Weight per 
bushel. 


Weight per 
kernels 

1,000 

eight per 
rmshel. 


w 


Stage 

Stage 

Stage 

Stage 

Stage 

Stage 

Stage 

Stage 

Stage 

Stage 

Sta 

ge 

Sta* 


1 


2. 

3 


1. 


3 

_ 

1 


2 


3 


1 




3 . 


Lbs. 

Lbs. 

Lb 

r. 

Cm. 

Gm. 

Gm. 

Lb 

5 \ 

Lbs. 

LAf. 

G in. 

. 

Gm. 

G'w 

Sodium nitrate. ... 

59 * 

S 

60. X 

60. 

5 

26. S 

28,8 

30. 

0 

59 * 

t 

60. 

5 

60. 

5 

25. 

8 

28. 

7 

28. 

Potassium chlorid... 

60. 

1 

60 .4 

60. 

5 

29, 2 

29 * 7 

37. 

9 

60. 

8 

6r. 

2 

61. 

2 

a 8. 

X 

28. 

9 

29. 

Calcium nitrate. 

59 * 

0 

59. S 

6r. 

1 

27-3 

27.9 

30. 

0 

60. 

S 

60. 

5 

6t. 

5 

26. 

4 

27, 



Ammonium sulphate. 

60. 

1 

60. 5 

59 - 

8 

26. 6 

28. X 

29. 

7 

60. 

5 

60. 

8 

60. 

5 

28. 

0 

28, 

3 

30. 

Sodium hydroxid. 

60. 

8 

61. 5 

60. 

8 

28. 4 

28. 7 

28. 

2 

60. 

8 

60. 

8 

6 t . 

2 

29. 

0 

29. 

3 

28. 

Potassium nitrate. 

60. 

5 

60. 5 

60. 

8 

28.6 

29 * I 

29. 

2 

60. 

5 

60. 


61. 

9 

37. 

0 

27. 

s 

28. 

Sulphuric add. 

61. 

1 

61. 1 

60. 

5 

2.8. 6 

28. 6 

27. 


61, 

2 

61. 

2 

60. 

2 

28. 

s 

2.8. 

6 

; ait. 

Ammonium chlorid. 

60. 

6 

61. 1 

6x. 

X 

28. 3 

28.3 

27. 

7 

6o. 

2 

5 - 8 . 

6 

61. 

9 

28. 

2 

27. 

4 

27, 

Potassium hydroxid. 

61. 

5 

6x. 9 

61. 

1 

28. 2 

28. 3 

29. 

0 

6k. 

9 

61. 

2 

61 

5 t 

29. 

j 

28. 

9 

28. 

Ammonium nitrate. 

60, 

8 

61. x 

62. 

6 


28. 5 

30. 

7 

60. 

5 

60. 

5 

6t 

2 

37, 

6 

26, 

4 

! 28, 

Water. 



6x. x 




a &3 




61, 

9 





39. 

7 


Control. 



61. s 




27-3 





6r, 

3 





27. 

6 


Sodium chlorid.. 

fio. 

8 

60.8 

61. 

1 

2 7. x 

27. X 

27 

8 

6x, 

2 

6t. 

2 

61. 

9 

29 * 

i 

28. 

<;> 

28, 

Calcium chlorid. 

6x. 

9 

61. 9 

61. 

X 

28. 9 

29*3 

28 

6 

6x 

9 

63 

3 

61 

5 

28. 

5 

29. 

7 

29, 

Hydrochloric acid.. 

6x. 

1 

6 x. 9 

61. 

9 

27 * S 

29. 7 

27 

2 

61. 

5 

6 r 

9 

60 

S 

29 . 


30 

X 

39, 

Potassium sulphate. 

6x 

9 

61.5 

6x. 

9 

29*5 

27-3 

29 

3 

6r. 

•a 

61 

9 

61 

5 

29 . 

3 

29 

2 

29, 

Magnesium nitrate. ' _ 

61 

X 

6 x. 9 

61. 

9 

27. 7 

28.6 

28 

X 

60. 

5 

60 

8 

6x 

9 

28. 

5 

28 

a 

a 8. 

Magnesium'chlorid.... 

61 

5 

61.9 

60. 

8 

29.4 

29 * 3 

29 

0 

61. 

3 

6x 

2 

62 

9 

28 

7 

29 

5 

30, 

Nitric acid.. 

60 

5 

61. s 

61. 

5 

25*9 

27. 1 

27 

8 

! 60. 

5 

60 

S 

6x 

9 

25 - 

9 

28 

7 

30. 

Ammonia.... 



61. X 

61, 

9 


30. 1 

30* 

X 



60. 

8 

62. 

2 



29. 

3 

30. 

Water... 



60. 5 




28. 7 





61, 






28, 


Control.. 



61. 4 



1 _ 

28. 0 



j 


6x. 

2 





:-A 

7 

5 
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Table IV .—Correlation between protein content and weight per bushel and weight per 

1,000 kernels of wheat 


Place of growth. 

Variety. 

Year. 

Protein 

content. 

Weight 
per x.ooo 
kernels. 

Weight 

per 

bushel. 

Kansas. 


1907 

Per cent . 
22. 2 

Gw. 

21. 3 

Pounds . 
Si. 3 

Do. 


1907 

22. 2 

20. 5 

5x*3 

Do. 


1908 

14. S 

28. 4 

S8.x 

Do .. 


1908 

i x 4 * 7 

28.8 ! 

58. 2 

California.. 


1907 

| 9- X 

j 39 * x 

6r, s 

Do.. 


3907 

i 9*9 

4 X- 4 

62.0 

Do. 


1908 

' 15.2 

! 36 . 3 

59*4 

Do... 

.do.i 

1908 

! 14.7 

44-8 

61. 2 

South Dakota. 


1907 

13 - 9 

1 37-9 

63. 0 

Do. 


1907 

; 12.9 

j 39.4 

63. 7 

Do.:. 


190S 

i 16.6 

i 24.9 

57-8 

Do. 

j 

1908 

j 16. 3 

| 29.8 

60. 2 


Table V .—Percentage of protein and phosphoric acid in grain from plots to which 
chemicals were applied at three stages of growth 


Series A. I Series B. 

Protein Phosphoric acid I Protein Phosphoric add 

Chemicals applied. (NX5.7). (PsOs). j (NX5.7). j (PaO a ). 

. j j 1 

Stage Stage; Stage Stage Stage Stage Stage Stage! Stage! Stage; Stage; Stage 

1. 2. j 3. x. a. 3* 1. 2. i 3. i 1. 2. j 3. 

! ! ! | { 


! f 

Sodium nitrate. 14.1 14.7 15.3 1.04 1.03 1.18 15.9 16.6; 14.810.84 0.99 1.03 

Potassium chlorid. 13.2 13.1 12.6 1. is 1*24 1.02 13.6 13.2 j 13.3 I 1.16 1.14 us 

Calcium nitrate. 14-4 14*2 1.00 x. 10 x. is 14.5 15.9 14*3 -92 1.03 x. 07 

Ammonium sulphate. 13.5 14.5 12.8 1.00 1.05 x. 14 14-4 *5.6 14.0 .81 .98 1.07 

Sodium hydroxid. 12.3 12.4 12.8 x. 13 1.05 1.18 13.4 13.3! 13-1 x. *7 x. 10 1.14 

Potassium nitrate. 13.2 14-7 14- S 1.02 .98 1. is 15.0 16.9 [ 13.5 .87 1. xx 1.13 

Sulphuric acid. 12.4 12.5 32.3 1-12 x. 14 1.21 13.2 13.2 : 12.9 1.13 1.14 x. 16 

Ammonium chlorid. 12.4 13*9 *3-° -98 x* *6 * 4-4 i * 3-7 x.05 x.07 1,12 

Potassium hydroxid. 12.4 12. 7 13* 2 1. 20 r. 18 1.18 13.3 13* 3 ! 13. o x. 14 x. 19 j ' 1. 13 

Ammonium nitrate.j 13.8 13.2 14-8 1.15 x. 09 1.15 13.8 16.6 I 14.0 .99 ! x. *7 

Water.....j 12.2 1.17 *3* 2 x. 23 

Control. 12.5 x. 18 13.3 r x, *9 

Sodium chlorid.1 12.9 | 13.0 12.5 x. 14 i 1.20 1.20 13.3 j 13.3 i 13.3 x. 16 \ r. 13 n 13 

Calcium chlorid.! 12.5 ; 12.7 12 .9 x. 16 | 1.19 x. 18 13.4 ! 13- 7 ! 23-2 x. 14 : x. x6 1.17 

Hydrochloric acid....| 13.0 ! 12.8 12.3 1.18 i x- 18 x. 15 13* S ! S 3-3 I * 3 - a *• *5 j x -*3 *.20 

Potassium sulphate. 12.5 12.4 13.0 1. 15 j 1.19 1. 21 13.8 j 13. o j 13. 5 1.15; 1*09 x. 

Magnesium nitrate.* 13-0 ! 14*2 14. x 1.04 | x. 03 x. 17 13.3 : 14.4 ' x3.9 1.05 ; .99 x. 08 

Magnesium chlorid.; 12.9 j 23- 2 12.9 1. 15 i 1*18 1.14 13.8 ; X3.6 j 13.2 1.08 j x. ia 1. xx 

Nitric acid.! 13-7 1 xs -4 14.6 .98 | .98 x.06 15.2 | 16.7 ! 14 -4 *94 ; *97 x. 10 

Ammonia...i.! is -9 13-7 .! x. 20 1.20 .j 16.3 : 14.3 '.; 1.07 1.06 

Water. i 12.5 x- 1* 12*9 1. xx 

Control.i 12.6 x. to 13.6 x. 12 

I i 
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Tab ie VI.- —Percentage of protein and phosphoric acid and straw from plots to which 
chemicals were applied at three stages of growth 



Series A. 

Series B. 


Protein 

Phosphoric acid 

Protein 

Phosphoric acid 

Chemicals applied. 

(NX 6.25). 

(Pads) 


CNX6.25). 

(1*20,1) 



Stage 

Stage 

Stage 

Stage 

f 

1 

Stage 

Stage. 

Stage 

Stage 

Stage 

Stage 

Stage 


1. 

2. 

3 * 

1. 

2. 

3 - 

1. 

3. 

3 * 

X. 

2. 

3. 

Sodium nitrate. 

3 - 27 

3-45 

2.84 

0. xS 

O. 17 

0.19 

3. 98 

4. 06 

3.74 

0. 12 

0. is 

0,17 

Potassium eklorid. 

2.51 

2.84 

2.49 

. 23 

• 24 

. 19 

3 - 45 

3. 26 

3-04 

. 24 

.25 

. «4 



3 - 78 

3.09 

■ 15 

. 20 

* 25 

3 * 99 

4. 41 

3 * 32 

. 16 

. 20 

. 21 




3. 26 




3. 12 

3 - 59 

3 - 73 

. IS 

. is 

. 24 

Sodium hydroxid... 

3-54 

2.92 

3 . 35 

. 29 

. 26 

. 27 

3 . 13 

2. 77 

2. 77 

. 24 

. 21 

. 20 

Potassium nitrate. 

3.06 

4 .20 

3 . 5 i 

. 20 

. 21 

. 31 

3 . 90 

4. 07 

3 - 05 

. 18 

■ 19 

, 20 

Sulphuric add. 

2. 72 

3.06 

3* 2t 

. 23 

. 26 

• 32 

3 - 34 

■2. 64 

3- 05 

• 25 

. 19 

• 19 

Ammonium chloric!. 

3 - 39 

3 - 61 

2.93 

. 20 

. 20 

■ 23 

3. 60 

3 - 59 

3. 26 

. 18 

. 18 

. 20 

Potassium faydroxid. 

2. 72 

2. si 

2. 66 

. 33 

. 22 

■ 23 

2. 97 

3 * 25 

3 - 25 

. 22 

. 22 

. 31 

Ammonium nitrate. 

2.92 

3 - 65 

3 - 99 

• 17 

• 19 

■ 19 

3 - 53 

4 - 43 

3 - 33 

. j6 

. 20 

, 21 

Water. 


2. so 



. 19 



2. si 



. 14 


Control. 


2. 71 



. 21 



2. 63 



. 22 


Sodium chlorid.. 

2.42 ; 

2. 62 

2. 6S 

. 21 

. 20 

• 21 

2. 68 

2. 85 

2. 86 

• 23 

. 21 

| .22 

Calcium chlorid. 

2.49 | 

2. 01 1 

2.48 1 

. U) 

. 21 

.21 I 

3.04 

2. 76 

2.63 

. 24 

. l8 

. 20 

Hydrochloric acid. 

2. 89 1 

2.49 

2. 75 

. 21 

. 2X 

.19! 

2.97 

2.86 

3-04 

.23 

. 18 

. 26 

Potassium sulphate. 

2.63 

2. 83 

2-49 

. 20 

.25 

. 26 

2. 63 

2, 64 

2.86 

.16 


•25 

Magnesium nitrate. 

2.8 3 

3.31 

2. 81 | 

. l6 

• 17 

.is 

3-12 

3 - 45 

2.84 

■ X 9 

. 16 | 

. X 7 

Magnesium chlorid. 

2.48 

2. 47 

2. 55 

. 2X 

. 22 

. 20 

2. 65 

3-03 

3-32 

. 16 

. so 

. *4 

Nitric acid. 

3.02 j 

4 - 55 

3.36 j 

• 15 

. 20 

. 21 

3. 60 j 

| 3.47 

3.25 

• 17 

. 20 j 

. 21 

Ammonia ..... 


3. 99 

3-03 


. 20 ; 

i . 22 





. l8 

I - 33 

Water. i 


2. 82 


• 24 

1 




; 

* 23 



2. 83 



. 22 



. 



• 2$ 


Control.j 


! 




'. 

|..J 







Table VII .—Lack of correlation between nitrogen and phosphoric acid content of wheat 
grown in Arlington on plots to which various chemicals were applied 


Chexn icals appl ied . 

Stage of 
growth. 

Protein 

(NX5.7). 

Phos¬ 
phoric 
acid 
(P2O3) . 

Chemicals applied. 

Stage of 
growth. 

Protein 

(NXs- 7 ). 

Phos¬ 

phoric 

add 

(PaOa). 

Sodium nitrate .... 

2 

Per cent. 
16.4 

Per cent. 

X. 02 

Magnesium sulphate 

3 ! 

Per cent. 
XI. 3 

Per cent. 
0.98 

Potassium nitrate.. 

1 

17.0 

j. 01 

Potassium chlorid.. 

2 

ix. 45 

x. 03 

Ammonium chlorid 

1 

17.1 

1. 00 

Do ... 

3 

XO. 9 

x. 00 

Ammonium nitrate 

x 

16.4 

x.03 

Calcium chlorid .... 

3 

xi. 7 i 

X. ox 

Do .. 

2 

16. 9 

1.02 

Potassium sulphate 

1 

XX. 2 I 

X. 02 


Table VIII .—Percentage of ask and silica in straw from plots to which chemicals were 
applied at three stages of growth 





Series A. 





Series B. 


Chemicals applied. 


Ash. 



Silica. 



Ash. 



Silica. 


Stage 

r. 

Stage 

2. 

“f 

Stage 

1. 

Stage 

2. 

Stage 

3 - 

Stage 

x. 

Stage 

2. 

Stage 

3 - 

Stage 

1. 

Stage 

Sodium nitrate . 

IX. 0 

ix. 3 

14. 0 

8.1 

8.0 

xo. 8 

II. 

xx. 9 

12. 2 

6.1 

7 - 3 

Potassium chlorid.. 

13 -1 

12.0 

ix- 7 

10. 7 

9.0 

9-3 

12. 2 

12. 0 

11. 9 

8.8 

8.8 

Calcium nitrate. 

10. 0 

ir. 8 

12.8 

5-8 

7-3 

9- 0 

x r. 0 

IX. 1 

ii- 7 

6. 7 

6. 5 

Ammonium sulphate____ 

9-42 

9. 60 

11. 3 

S- 5 

5- 6 

8. 0 

XI. I 

XI. 3 

xx. 5 

7. 2 

7. 0 

Sodium hydroxid.. 

X2. 5 

12.8 

13 - 2 

8.9 

9 . 6 

xo. 2 

14- 3 

12. 5 

12.8 

xo. 5 

8.9 

Potassium nitrate.... 

XI. I 

n. S 

xx. 8 

8.1 

7 - 9 

8.3 

IX. 9 

12. 3 

xi. 9 

8.1 

7. 2 

Sulphuric add.. 

13.0 

X 3 - 7 

i 3 - 6 

9. 9 

10. 6 

10, 6 

12. 2 

13 - 3 

11. 2 

9.0 

10. 0 

Ammonium chlorid. 

XI. X 

IX. 1 

12. 8 

7 - 9 

7.8 

9 - 9 

II. 0 

10.8 

12. 2 

7 . 5 

7. 9 

Potassium hydroxid... 

14. 0 

12. 1 

12. 3 

ir. 0 

9. 2 

9 - 2 

IX. S 

xi. 3 

xo. 8 

8.6 

8.3 

Ammonium nitrate. 

10. 7 

12. 6 

11. 6 

7-3 

9 - 3 

8. / 

ro. 6 , 

xo. 7 

13. 0 

7 - 3 

7. 2 

Water.... 

Control.. 

Sodium chlorid. 

12.3 

12. 7 

IK. I 
11.4 

12. 6 

9 * 1 

9 - 7 
9.0 
8.6 

9-3 

12. 6 

XX. 4 
X2. 0 

13 * 7 

xx. 9 

9. 2 

8. 0 

8. 7 

10. 3 

Calcium chlorid.. 

! 12. S 

12. I 

12. 8 

9.4 

9 - 2 

10. 4 

12. 9 

12. 0 

12. 4 

9 - 7 

9. 0 

Hydrochloric add.__.... 

12. I 

11.6 

xx. 6 

9. 2 

1 8.9 

8.8 

X 3 . 2 

12. 9 

14. 3 

9. 0 

9 - 5 

Potassium sulphate...._ 

12. 3 

12.3 

13-4 

9-3 

9. 2 

X0.3 

13. 3 

12. 8 

13 * 5 

9 - 2 

9-8 

Magnesium nitrate... 

IO. O 

xi. 7 

12.1 

7.6 

8-5 

9-0 

, XX. 9 

12.8 

13. 2 .. 

8.8 

9 - 7 

Magnesium chlorid... 

12.8 

12.3 

13. 2 

9 - 8 

9- 2 

; xo. r 

12, O 

13. 2 

12. 3 

9.0 

10, 0 

Nitric acid. 

IO. 3 

10. 9 

10.8 

7-0 

7-4 

7- 5 

10.3 

xr. 2 

xi. 6 

6.8 

7 - 9 ' 

Ammonia... 

Water.. 

Control.. 


13 - 1 

11,9 

12.1 

12.4 

• 

9-7 

8.9 

9-1 

t 8-9 

ix. 8 
12.0 
12. X 

11. 8 

1 

7.8 

8,7 

9 - 1 


Stage 

3- 

8.6 

8,6 

8,4 

8.3 

9-3 

8- 5 

7.8 

9- o 
7- 9 
9- 1 


8 8 
XO. X 
XO. 9 
IQ .3 
9.8 
9-6 
8.7 
8.3 
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RESULTS OF EXPERIMENTAL WORK 
total yield and percentage of grain 

The total yield represents the weights of the crops obtained immedi¬ 
ately after they were harvested. The crops were harvested when fully 
ripe and after a continued dry period. The percentages of grain were 
determined in the samples, ranging from ij< pounds to 2 pounds in weight, 
brought to Washington. 

As seen from Table I, the plots which had received nitrogen in any form 
in the first stage gave distinctly higher yields, both as compared with the 
plots which had received no nitrogen and as compared with those which 
had received it in the other two stages. The application of the first 
stage was made later in the season than had been planned, and subse¬ 
quent experiments have shown that the effectiveness of nitrogen with 
respect to increased yields diminishes as the season advances toward the 
completion of the vegetative stage. 5 On the other hand, as a result of 
the lack of uniformity in transition from stage to stage, at the time of 
the second-stage application part of the crops on each plot were still in 
the first stage. This probably accounts for the fact that the plots which 
had received their nitrogen in the second stage as a rule -gave higher 
results than those which received it in the third stage. 

The percentages of grain in the crops (Table I) were somewhat lower 
on the plots which had received nitrogen in the first stage than on the 
others. However, the lower range in the percentages of grain would 
not materially alter the grain relationship of the crops. The figures rep¬ 
resenting the total yields, therefore, are expressive of the relative yields 
of grain as well. 

percentage of yellow-berry 

The result of the lack of original uniformity in the plots, especially 
in those of series B, is most evident in the yellow-berry figures. Never¬ 
theless, the fundamental principle that the application of nitrogen at 
the second stage is most effective in preventing yellow-berrv was borne 
out very consistently. The percentage of yellow-berry is the lowest on 
the plots which received their nitrogen at the second stage, A marked 
decrease in yellow-berry is also shown by the crops which received their 
nitrogen in the first stage. This probably is due to the fact that the 
crops did not respond fully in yield because of a late application, and 
part of the nitrogen, applied at this stage and not utilized, remained in 
the soil during the second stage. 

In some cases a somewhat decreased percentage of yellow-berry is 
shown by the crops which received their nitrogen in the third stage. 
This probably is due to the lack of uniformity in transition from one 
stage to another. At the time when most of the heads were in the milk 
stage, some of them had not yet reached this stage. 

No conclusion can be drawn as to the effects of the direct and residual 
physiological acids and alkalies and their neutral salts, owing to the 
general lack of uniformity in the plots, which resulted in a too wide 
range of normal variation as indicated by control plots in both series, 
but especially in series B. Taking into consideration the fact that the 


6 Davidson, Jehid. the effect of nitrates applied at different stages of growth on the 
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effect of nitrogen in preventing yellow-berry was shown clearly in spite 
of all the disturbing factors, one‘would be justified in assuming that the 
effect of these chemical groups was inconsiderable, if any. This would 
seem to settle the practical question as to the possibility of preventing 
the characteristic coloration of the grain associated with vellow-berry 
by means other than nitrogen. However, the theoretical question as to 
the nature of the coloration of flinty grain and of that affected with 
yellow-berry remains unsettled. It is still possible that the coloration 
is an indicator reaction in response to physiological alkalinity and acidity. 
All the ammonium salts probably underwent nitrification before they 
were assimilated by the plants. Their effect, therefore, would be the 
same as that of nitrates. It is possible also that the brown color of the 
flinty kernels is caused by the action of the alkaline amino groups which 
might increase with the general increase in the. nitrogen content on the 
hypothetical natural indicator present in the hull. 

WEIGHT PER BUSHEE AND WEIGHT PER 1,000 KERN EES 

.No correlation can be observed between the different treatments, 
which resulted in different nitrogen contents, and the weight per bushel 
and the weight per i,ooo kernels (Table III). Taking the plots in groups 
of three for each of the nitrogen carriers, it would seem that those which 
had received their nitrogen in the first stage gave a somewhat lower 
weight per i,ooo kernels than those which had received it in the second 
and the third stages. The first stage, however, is not the one which gave 
the highest protein contents. These results, as well as those obtained in 
■Kentucky, 6 fail to disclose any direct relation between the protein 
content and the weight per bushel and, especially, the weight per i,ooo 
kernels. Cases are on record, however, in which such a correlation has 
been reported. Table IV, compiled from data reported in Bulletin 128 
of the Bureau of Chemistry, United States Department of Agriculture, 7 
will serve as an illustration. This table shows a reverse correlation 
between the nitrogen content and the weight per 1,000 kernels and weight 
per bushel for Kansas and South Dakota, but no correlation for Cali¬ 
fornia, as was the case in the experiments here reported. 

What is the explanation of these seemingly contradictory results? 
Within the limits of the bureau's experiments, it has been established 
that the presence of nitrogen at the time of heading is conducive to a 
high nitrogen content. The conditions of these experiments would 
suggest the distinction between a physical and physiological abundance, 
of available nitrogen in the.soil. The term “physiological abundance 
is used to signify a condition in which the crop, being depressed in its 
development, is kept from drawing upon the store of available nitrogen 
in the soil to the full normal extent. Any environmental conditions 
which depress the normal development of the crop cause a physiological 
abundance of available nitrogen. Under such circumstances, the factors 
which are responsible for the abundance of available nitrogen are re¬ 
sponsible also for the subnormal development of the grain. Hence, the 
coincidence of a high protein,content and a low weight per 1,000 kernels 
and a low weight per bushel In'these experiments, the abundance of 


6 Davidson, J., and EeClerc, J. A. , op. cit. 

7 EeClerc, J. A. tri-local experiments on the influence of environment on the, COMPOSITION 
of WHEAT. U. S. Dept. Agr. Bur. Chem. Bui. its, 18 p. 1910. 
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available, nitrogen at the time of heading was distinctly physical, which j 
may be the reason why no such correlation was found. It would seem, j 
therefore, that there is no direct correlation between the protein content j 
and the weight per 1,000 kernels and the weight per bushel of wheat. 

PROTEIN CONTENT 8 

■ The results reported in Table V show that the application-of nitrogen 
at the second stage gave the highest nitrogen contents. Although series 
A proved to be somewhat irregular, of the nine nitrogen carriers used 
six were consistent with the general tendency. Series B was wholly 
consistent. The irregularities, as well as the fact that increased nitrogen 
contents were obtained from the first and third application, can be 
explained in the same way as the irregularities with reference to yellow- 
berry. The increased nitrogen content, which resulted from the first 
stage application, was due to the fact that not all the nitrogen was used 
up during the first stage. The increased nitrogen content resulting from 
the third stage application can be explained by the lack of uniforinity in 
transition from one stage to another, already discussed. The same 
causes are responsible for the fact that the increases in nitrogen obtained 
from second stage applications are not as sharp as they were in the 
bureau's previous experiment. 9 While the first application showed an 
increase in nitrogen, due to the fact that not all the applied nitrogen had 
been utilized during the first stage, the nitrogen content from the plots 
which received their nitrogen at the second stage did not reach its proper 
height, for the reason that part of the nitrogen of this application was 
“utilized in making vegetative growth as was shown by the increased 
yields from these plots. 

The nitrogen content of the straw (Table VI) shows the same tenden¬ 
cies as that of the grain. 


PHOSPI-IORIC-ACID CONTENT 

Headden 10 found that the application of sodium nitrate to wheat 
plots caused a depression in the phosphoric-acid content of the grain. 
In the bureau's previous experiment, 11 where sodium nitrate had been 
applied on a number of plots at the three stages of growth, no correla¬ 
tion between the application of nitrogen and the phosphoric-acid content 
was disclosed. In the present experiment, however, a correlation is 
observed between the application of nitrogen and the phosphoric-acid 
content, both in the grain and in the straw. As seen from Table V, the 
phosphoric-acid content in the grain from the plots which received their 
nitrogen in the first and second stages is consistently lower than that in 
the grain from the plots which received it at the third stage and the 
controls which, in this ease, may include all the plots which received 
chemicals other than nitrogen carriers. The only exceptions are the 


8 It is understood that the term “protein*' represents values obtained by multiplying the nitrogen con¬ 
tent, determined in the regular way, by certain factors. These factors vary with the substance analyzed. 
In this paper the factors used were 5.7 for the grain and 6.25 for the straw. It has been the general practice 
in agricultural literature to express the nitrogen values in terms of protein. This practice has been estab¬ 
lished because of the fact that the main bulk of the nitrogen in mature plant substance is protein in charac¬ 
ter and because of the accepted food value associated with proteins. 

» Davidson, J., and EbCuskc, .T. A, op. err. 

10 HEADDBN, W. P. a STUDY OP COLORADO WHEAT, PART III. Colo. Agf. Exp. $ta. Bill. 21 Q, Ip p. 
1916, 

11 Davidson, J., and LitCr, brc, J. A. op. err. • 
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ammonium-nitrate plots in series A and the ammonia plots in both 
series. There would seem to be a tendency toward a greater depression 
in the plots of the first application. This tendency shows itself more- 
clearly in series B. 

On the other hand, results obtained on the Arlington Farm, in an ex¬ 
periment carried out on lines similar to these, again failed to disclose any 
correlation between the application of nitrogen and the phosphoric-acid' 
content (Table VII). 

It would seem, therefore, that there are conditions under which the 
application of nitrogen causes a depression in the phosphoric-acid content 
of the crop and that under other conditions the application of this element 
has no effect on the phosphoric acid content. What factors are involved 
in these seemingly contradictory tendencies ? 

Of the four cases cited here it happens that the two (Colorado and 
Nebraska), which show a correlation between the application of nitrogen 
and the phosphoric-acid content, deal with hard winter wheats and the 
other two (Kentucky and Arlington Farm), which show no such correla¬ 
tion, deal with soft winter wheats. This would suggest the possibility 
that these two groups react differently toward an abundance of available 
nitrogen. The underlying principle then would be, in the case of the- 
hard winter wheats, some interchange between phosphorus and nitrogen, 
based on the similarity of their functions. The depressed phosphoric-acid 
content would be directly correlated with the high protein content. 
This assumption, however, does not seem to be borne out by the results 
in Table V. In those cases where the third application of nitrogen 
resulted in a high protein content, especially in series A, no depression in 
the phosphoric-acid content can be observed. 

Another possible factor accounting for the different effects of applied 
nitrogen on the phosphoric-acid content is the supply of available phos¬ 
phoric acid in the soil. It may be assumed, then, that when the supply 
of available phosphorus is limited the stimulation of growth, caused by 
the application of nitrogen, creates a physiological scarcity of this element. 
This assumption would seem to be borne out, in a general way, by the- 
results here obtained. The application of nitrogen at the first two 
stages which resulted in increased yields also caused a .depression in the 
phosphoric-acid content. There is also an apparent tendency toward a 
greater depression resulting from the first application, which produced 
the highest yields. This assumption, however, would not seem to he 
borne out by Headden’s results. In his experiments the application of 
sodium nitrate did not cause an appreciable increase in yield, if any. 
Nevertheless, it produced consistent depressions in the phosphoric-acid 
content. 

It is cleat that under certain conditions the presence of nitrogen inter¬ 
feres with the assimilation of phosphoric acid by the plant. It is not 
unlikely that this interference is indirect. Under certain conditions the 
nitrogen may be instrumental, through its action on the soil flora, in 
transforming the available phosphoric acid into less available forms. 

The phosphoric acid in the straw' follows the same tendency as that in 
the grain (Table VI). 

The ash and potash contents of the grain were also determined, but as 
the results failed to disclose any consistent tendencies they are not given. 
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ASH' AND SILICA CONTENT IN THE STRAW 

As seen from Table VIII, the application of nitrogen at the first and 
second stages caused a distinct depression in the ash and silica content 
of the straw. 

A depression in the silica content of the straw, caused by the appli¬ 
cation of sodium nitrate, was also observed by Headden. 12 In his case 
the depression was slight. In the bureau’s experiments the difference 
between the first two stages and the third stage, for each nitrogen 
carrier, was always more than 1 per cent. The third stage plots, not 
being affected by the application of nitrogen with reference to the silica 
content of the straw, may be considered as controls. The sharper 
differences are due probably to the exceptionally high silica content of 
the straw in this experiment. Ammonia is the exception. It did not 
depress the silica content in either series. Attention is called to the fact 
that the same chemical also failed to produce a depression in the phos¬ 
phoric-acid content of the grain. The relationship between the phos¬ 
phoric-acid depression and the depression of silica in the straw is further 
accentuated by the fact that ammonium nitrate, which failed to depress 
the phosphoric acid in the grain from the second stage plot in series A, 
also failed to depress the silica content of the straw from the same plot. 
No explanation of the theoretical principles involved in depression of 
silica can be offered at present. 

As to the bearing of this depressed silica content in the straw on 
lodging, frequently caused by the application of nitrogen, it is hard to 
draw conclusions from the present experiment. No lodging was observed 
on any of the experimental plots. It is possible that as the silica content 
of the straw in this experiment was exceptionally high, even the depressed 
silica content was sufficient to sustain the strength of the stalk. It is 
probable also ‘that the depressed silica content is only one of the factors 
which cause lodging, or it may be no factor but only coincident with the 
real factors resulting from the application of nitrogen, which, under 
certain conditions, 'cause lodging of the crop. 

SUMMARY 

(1) The application of nitrogen in any of the inorganic forms used 
at the early stages of growth was instrumental in producing the highest 
yields of wheat. 

(2) The application of nitrogen in any of the inorganic forms used at 
the time of heading was instrumental in producing the best quality of 
grain with reference to “ yellow-berry ” and the protein content. It also 
produced a high protein content in the straw. 

(3) No relation between the nitrogen content and the weight per 1,000 
kernels and weight per bushel of wheat was disclosed in this experiment. 
The apparent disagreement between these results and the results of other 
experiments, which establish a relation between these two factors, is 
explained by the distinction between a physical abundance and a phys¬ 
iological abundance of nitrogen created by the failure of the crop to 
develop normally. 

(4) No differences could be observed in the effect of the different 
forms of inorganic nitrogen. 


n Headden, W. P. op. CIT. 
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(5) No effect was produced by the chemicals, other than the nitrogen 
carriers, on the yield of the crop or on the quality of the grain. 

(6) The application of nitrogen at the first two stages caused a de¬ 
pression of the phosphoric-acid content in the grain, as well as in the 
straw. In the light of these results, this depression could not be con¬ 
sidered either as a yield relation nor as a reciprocal relation of the two 
elements in the plant tissues, based on similarity of function. 

(7) The application of nitrogen, at the first two stages of growth, 
caused a marked .depression of the ash and silica content in the straw. 





POISONOUS PROPERTIES OF BIKUKUELA CUCULEA- 
RIA (DUTCHMAN’S-BREECHES) AND B. CANADENSIS 
(SQUIRREE-CORN) 1 


By O. F. Black, Chemical Biologist , W. W. Eggleston. Assistant Botanist, and j. W. 

Kelly, Chemical Laboratorian , Office of Drug , Poisonous , and Oil Plant Investigations, 

Bureau of Plant Industry, United States Department of Agriculture , and H. C. 

Turner, Assistant Animal Husbandman, Virginia Agricultural Experiment Station 

INTRODUCTION 

Since the time of the early settlements in the mountains of Virginia 
frequent fatal cases of poisoning have occurred among cattle grazing in 
the mountain pastures in early spring. It has long been believed that 
certain early spring plants popularly known as 4 ‘staggerweeds” have 
been the cause of these fatalities, since these plants are among the first 
to appear in the pastures and are often eaten by cattle when other forage 
is not abundant. Suspicion has chiefly centered upon the plants com¬ 
monly called larkspur ( Delphinium tricorne Michx.), dutchman’s-breeches 
(Bikukulla cucullaria (L.) Millsp.), squirrel-corn (B. canadensis (Goldie) 
Millsp.), and wild bleeding heart (B. eximia (Ker) Millsp.). In the 
literature relating to poisonous plants the toxic character of D. tricorne 
has long been recognized, but the American species of Bikukulla appear 
to have received comparatively little attention from chemists and prac¬ 
tically none from toxicologists. 

The probable poisonous character of species of Bikukulla was first 
brought to the attention of the Department of Agriculture in June, 1920, 
by Prof. H. S. Stahl, of the Virginia Polytechnic Institute. He sub¬ 
mitted specimens of 44 little staggerweed,” later identified as Bikukulla 
cucullaria, with the statement that this plant was believed to be respon¬ 
sible for the recent death of a number of cattle in the mountain pastures 
of Bland County, Va. An extract of the plant prepared in the laboratory 
was found to be highly toxic, and in order to secure material for further 
study a representative of the department visited the locality where the 
cases of poisoning had occurred. At the request of Dr. A. W. Drinkard, 
jr., Director of the Virginia Agricultural Experiment Station, arrange¬ 
ments were made to conduct some cooperative experiments with a view 
to determine by feeding tests the effect upon cattle of the plant material 
collected for chemical examination. 

As a result of these investigations Bikukulla cucullaria has been shown 
to contain a poisonous alkaloid heretofore unrecognized, and the toxicity 
of this plant for cattle has been demonstrated. Poisonous alkaloids 
have also been found in B. canadensis , but this species is much less toxic 
than B. cucullaria and apparently is not likely to cause any damage to 
cattle. 


1 Accepted for publication Sept. 13, 1921. The plants referred to in the title are also known in bo¬ 
tanical literature under the following genus names: Dicentra, Bicuculla, Dielytra, Dielytra, Corydalis, 
Fumaria, and others. 
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SYSTEMATIC POSITION OF “LITTLE STAGGERWEEDS 
BIKUKULLA 

Perennial and smooth herbs with basal temately compound, dissected 
delicate leaves; watery juice; horizontal rootstocks and scapose, race¬ 
mose, nodding inflorescence. Flowers flattened, either deciduous or 
withering persistent. ‘Pedicels 2-bracted. Sepals 2, scalelike. Petals 
4, the two outer spurred at base, loosely united; the two inner pair 
narrower, and their callous-crested tips united over the stigmas. Sta¬ 
mens 6, in two groups opposite the outer petals,, hypogynous; their fila¬ 
ments often united; middle anthers of each set 2-celled, the lateral ones 
1-celled. Pod 10 to 20 seeds, seeds crested. 

A genus of about 13 species, ranging across North America to Eastern 
Asia. Six species are known on the Pacific slope of America and 3 on 
the Atlantic watershed: 

The bleeding heart (Bikukulla spectabilis (L.) Coville) of the gardens 
is an Asiatic species. 


KEY TO ATLANTIC SPECIES 


Racemes simple ; rootstocks tuber-bearing. 

Rootstocks long, with scattered cornlike, yellow tubers; flowers cordate; spurs 

rounded; inner petals conspicuously crested.x. B. canadensis. 

Rootstocks much shortened; tubers gathered in a scaly, granulated bulb, white, 
becoming pink and dark red; flowers sagittate; spurs spreading, elongated; 

inner petals minutely crested.2. B. cucullaria . 

Racemes compound; rootstocks scaly, not tuber-bearing.3. B. vximia. 


1. Bikukulla canadensis (Goldie) Millsp. Squirrel-corn. Turkey- 
corn. Turkey-pea. Little blue stagger. Trembling stagger. Stagger- 
weed. Colicweed. Wild hyacinth. 

Foliage bright green; scapes erect 6 to 12 inches high, overtopping 
the leaves; flowers greenish white, tinged with pink. On vegetable 
mold in woods. April and May. Nova Scotia, Ontario, Minnesota, 
Missouri, and south along the mountains to North Carolina and Tennessee. 
In Virginia it occurs abundantly on northern slopes in the Alleghany 
Mountains and often in the Blue Ridge. 

It rises to 4,500 feet altitude on White Top Mountain, although it 
seems most at home in the neighborhood of 3,000 feet. Gorge of the 
Potomac above Washington, Rare. 

2. Bikukulla cucullaria (L.) Millsp. DutchmaiYs-breeches. Little 
blue stagger. Trembling stagger, Staggerweed. Colicweed. Soldier's- 
cap. Whitehearts. Indian boy-and-girls. Butterfly banners, etc. 

Foliage often glaucescent; scapes 6 to 12 inches high, usually overtopped 
by the leaves; flowers white with yellowish tips. April and May. 

On vegetable mold in the woods. Growing in 'Virginia with Bikukulla 
canadensis and Delphinium tricorne but usually preferring better drained 
soil than the former. Nova Scotia, Ontario, Minnesota, Nebraska, 
Kansas, and Missouri, and south in the mountains to Alabama. Common 
on the northern slopes of the Alleghany Mountains and often in the 
Blue Ridge, being more abundant around 3,000 feet altitude and rising 
on White Top Mountain to about 4,500 feet. Gorge of the Potomac 
above Washington. 

3. Bikukulla eximia (Ker) Millsp. Wild bleeding heart. Stagger- 

weed. Turkey-corn. • 
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Leaves dark green; scapes 1 to 2 feet high; longer than the leaves; 
flowers deep pink. Mountain rocks and river gorges, southern Appalach¬ 
ian Mountains from Wills Mountain, Allegany County, Md., south to 
North Carolina and Tennessee. 

CHEMICAL EXAMINATION 

As might be expected in a group so nearly related to the poppy family, 
species of Eikukulla have been found to contain alkaloids. Wenzel! (7) 3 
in a study of Eikukulla canadensis {Corydalis formosa) reports the 
presence of an alkaloid which he assumed, on very insufficient evidence, 
to be corydaline. Fischer and Soell (j) made an examination of B. 
cucullaria ( Dicentra cucullaria) and were able to identify protopine and 
also to isolate minute quantities of two other alkaloids in crystalline 
form, which they characterized only by their melting points and certain 
other physical properties. Battandier (2) discovered protopine in B. 
formosa (DC.) Howell (D. formosa ). Heyl (5) made a more thorough 
study of the same plant and observed that protopine was the chief 
alkaloid, besides isolating two others which he differentiated by their 
physical properties. 

Gadamer (4) found protopine in B. spectabilis ( D . spedabilis) , with a 
yield of 1 per cent, and surmised the presence of other alkaloids. Asahina 
(i) obtained a crystalline alkaloid from B . pusilla (Sieb. & Zucc.) Coville 
ip. pusilla), which he named dicentrjne, and also isolated protopine 
from the plant. He made a very complete chemical study of dicentrine 
and concluded that it was identical with one of the unnamed alkaloids 
found by Heyl in B. formosa having a melting point of 169° C. Dicentrine 
was studied from a pharmacological standpoint by Iwakawa (6) f who 
found that it produced narcosis when administered to small animals 
in moderate doses, whereas larger quantities caused convulsions, weaken¬ 
ing of the heart, and respiratory paralysis. 

A search of the literature has failed to reveal any publication on the 
constituents of Eikukulla eximia. 

Table I brings out the more essential facts in the preceding summary. 

Table I .—Comparative chemical analyses of species of Bikukulla made by various 

investigators 


bikukulla cucullaria, Fischer and Soell. 


Alkaloids.-. 

Melting point_ 

Solubility... 

Form. 

Color tests: 

Concentrated 


Protopine. 

206° C.. 

/Soluble in alcohol.. 
1 Soluble in ether.... 
Cryst. pr. 


231 0 C.... j 

Insoluble in alcohol.] 
Soluble in CHC 1 3 . 
Needles, rosettes.,. 

Red to Brown. 

Red to violet. 

Red to violet. 

Red to yellow. 


215° c. 

[Soluble in alcohol. 
Fine granular. . 


H0SQ4. 

Erdmann’s ... 

Froede’s. 

Concentrated 

HNO. 


2 Reference is made by number (italic) to “Literallire-cited,’" p. 78.. 

20517 — 23—-2 
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Table I.— Comparative chemical analyses of species of Bikukulla made by various in¬ 
vestigators —Continued. 


bikukulla Formosa, G. Heyl. 


Alkaloids... 

Protopine. 

1 

1 


Mfdtimcr point. 

201° tO 202° C . 

168. <j° C. 

142.5 0 C. 

Soluble in H Br. 



fSoluble in H Br. 

Solubility. 


| salt. 

salt. 



[Insoluble in alcohol. 

vSoluble in alcohol. 

Form... 

Needles. 

Yellow needles. i 

White needles. 

Color tests: 

Concentrated ! 

Yellow. 

Colorless to red vio- ! 

Colorless. 

H 2 S 0 4 . i 

Erdmann’s .... 

Yellow to green.... 

let. 

Blue. 

Weak green. 

Freed e’s . 

Violet. 

Deep blue. j 

Blue green. 

Brown. 

Concentrated 

I Colorless. 

Colorless to brown.. j 

HNO. 





bikukulla pusxlla, Y. Asahina. 


Alkaloids. 

Protopine. 

Melting point. 



1 s 

/Soluble in alcohol.I 

Form... 

/Soluble in ether.j 

Prisms. 

Color tests: 

Concentrated HUSO*. 

Erdmann’s. 

Yellow to blue. 

Yellow to violet. 

Froede’s. 

Violet to blue. 

Concentrated HNO. 

Colorless to brown. 


Dicentrine. 

168-9 0 C. 

Soluble in hot al¬ 
cohol . 

Soluble in CHClg. 
Prisms. 

Colorless to violet. 
Blue. 

Deep blue. 

Colorless to brown. 


It will be seen from Table I that protopine seems to be the alkaloid 
most common to the members of the genus., and if Asahina’s (i) sup¬ 
position is correct dicentrine is common to Bikukulla formosa and 
B. pusilla and possibly may be contained in others of the group. It 
seems not improbable that the protopine of Heyl (5) and Gadamer(^), 
melting at 201 0 C,, may be a different body from that of Fischer(3) and 
Asahina(r), melting at 207° C. Some of the work summarized above 
is very incomplete, with conclusions often based on color reactions, 
which are notoriously deceptive. The physiological action of these 
alkaloids had not been studied, with the exception of pro top hie, which 
has long* been known as one of the opium group, and dicentrine in 
Iwakawa J s(6) report. Neither of these two alkaloids would seem to 
possess sufficiently toxic qualities to account for the symptoms of pois¬ 
oning in animals fed with B. cucullaria (PL i, A) and B, canadensis 
(PL 1, B). 

The material on which the following chemical work was done was 
gathered at Round Bottom, Va., in April, 1921, just previous to the 
flowering stage. The tops and roots of Bikukulla cucullaria, and only 
the roots of B. canadensis were used in the experiments. The tops of 
the B. cucullaria were dried and in good condition, but the roots of 
both plants were contaminated with soil which was removed by sieving 
in a stream of running water. They were then dried, first in the air 
and then in an oyen at ioo° C., and ground fine in a mill. 
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The object of the study here reported was to determine what constitu¬ 
ents of the plants were responsible for their toxic effect, and as it was 
known that both contained alkaloids it was obviously necessary to isolate 
and test the toxicity of these compounds. As a preliminary experiment 
a few grams of the ground roots of the two plants were allowed to macerate 
in Pro]ins’ solution for 48 hours. The solution was then decanted and 
evaporated spontaneously until nearly dry, and the residue was extracted 
with dilute hydrochloric acid. Both these solutions gave a heavy precipi¬ 
tate when tests were made with Mayer’s reagent, showing the presence of 
alkaloids. The acid solutions were then made strongly ammoniacal, 
which threw down some of the dissolved material as a white fiocculent 
precipitate, and were shaken out exhaustively with ether. After the 
ether evaporated, the residue was again taken up with very dilute hydro¬ 
chloric acid. One-half cc. of each of these two solutions, which repre¬ 
sented the raw alkaloids of Bikukulla cncullaria and B. canadensis , was 
injected subcutaneously into two white mice. The animal receiving the 
dose of B. canadensis gave some slight evidence of narcosis but suffered 
no other ill effects. The mouse injected with the B . cncullaria extract 
also behaved in a sleepy manner for some time and died unobserved 
inside of two hours. Another mouse was then given a similar injection 
of the same B. cncullaria extract, and his reactions were carefully fol¬ 
lowed. The animal showed no striking symptoms in the course of an 
hour, then suddenly grew restless for a few minutes, was seized with 
acute convulsions, and died almost immediately. These results seemed 
to indicate that the roots of B. cncullaria were poisonous, whereas those 
of B. canadensis were harmless, but upon further investigation this 
conclusion was modified. 

An approximate assay of the total alkaloids in the material which was 
available, namely, the tops and roots of Bikukulla cncullaria and the 
roots of B. canadensis was undertaken as follows: Of each of these three 
samples 5 gm., dried and finely ground, were macerated for 48 hours in 
50 cc. of Prolius’ solution, the solution was decanted off and the residue 
washed with a little alcohol and added to the solution, which was then 
extracted with 50 cc. of 5 per cent H 2 SOi in three portions. The acid 
extract was made alkaline with ammonia and shaken out exhaustively 
with ether. The ether solution was distilled to small bulk, transferred 
to a tared beaker, and allowed to evaporate spontaneously, whereupon it 
was completely dried in a desiccator and weighed. Table II shows the 
results of the three determinations. 

Table II. — Assay of total alkaloids found in Bikukulla cncullaria and B. canadensis 


Plant. 

Weight 

of 

plant. 

Alkaloid, 

Character of residue. 

B. cncullaria: 

Gm, \ 

Cm. 

Per 

cent. 


Tops. 

5 

O. 062 

1.24 

Amorphous. 

Roots. 

5 

. OSO 

1. 60 

Amorphous, with some nee dies. 

B. canadensis: 

Roots.'. ; 

5 

• *57 

3 - *4 

Amorphous, with rosettes. 
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With known weights of the raw alkaloids from definite quantities of 
the three samples, the way was now open for comparative tests of their 
toxicity. To this end all three total alkaloidal residues were dissolved 
in exactly 5 cc. of very dilute acetic acid, and 0.5 cc. of each was injected 
subcutaneously into three mice. The result was the same in each instance 
the animal died almost instantly in violent convulsions. The dosage 
was as follows: 


B. cucullaria: 

Tops.0.5 gm. plant—0.0062 gm. alkaloid. 

Roots.0.5 gtn. plant— .0080 gm. alkaloid. 

B. canadensis: 

Roots.0.5 gm. plant— .0157 gm. alkaloid. 


By testing these solutions at gradually increasing dilutions it was 
possible to determine within narrow limits the minimal fatal dose of the 
three with respect to mice of about 20-gm. weight, as shown in Table III, 

Table III.— Minimal fatal dose of Bikukulla cucullaria and B . canadensis for mice of 

20-gm. weight 


Plant. 

Weight 

of 

plant. 

Alkaloid. 

T0I..0I dose 
per kilo¬ 
gram of 
body 
weight 

B. cucullaria: 

Tods.... 

Gvi. 

0. 040 
! . 031 

Gw. 

j O. 0005 
. 0005 

; . OIOO 

Gm. 

O. 02 

Roots... 

. 02 

. 40 

B. canadensis: 

Roots. . 

. 250 




From these figures it can be estimated that the combined alkaloids of 
Bikukulla cucullaria roots and those of the tops are of approproximately 
the same degree of toxicity. 

This finding runs counter to observations made in the field tests on 
calves, as reported elsewhere, in which 60 pounds of the tops were fed 
without effect. A possible explanation of this result is that the bulk and 
succulence of the fresh tops so dilutes the poison that its action is mini¬ 
mized and it is absorbed so gradually that the animal suffers no ill effects. 
Nevertheless the fact remains that the tops contain the poison and must 
be held partially accountable for the poisoning of grazing stock which eat 
the whole plant. Applying the foregoing figures to a comparison of the 
relative toxicity of the roots of Bikukulla cucullaria and B. canadensis , 
it will be seen that the alkaloids of B. cucullaria are about 20 times as 
poisonous as those of B. canadensis, but as there is a considerably larger 
percentage of alkaloids in B. canadensis the ratio of toxicity between the 
two plants would be reduced to approproximately 6 to 1. 

As a preliminary experiment to acquire some information about the 
character of the alkaloids in the two plants under investigation, 100 gm. 
of each were extracted in a Sohxlet apparatus with the selective solvents, 
ether, chloroform, alcohol, and acidified water. In the case of Bikukulla 
cucullaria the acidified water gave only the faintest of tests with Mayer’s 
reagent, showing that the other three solvents had made a complete 
extraction. All three solutions, contained appreciable quantities of 
alkaloids. From the chloroform and alcohol fractions only amorphous 
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products were obtained, but from the ether extract a crystalline alkaloid 
was isolated. After the ether was distilled off the residue was triturated 
with dilute hydrochloric acid until all the alkaloid was removed and the 
acid solution was made ammoniacal and shaken out with ether. The 
etherlal solution was concentrated to small bulk, the same volume of 
alcohol was added, and on slow evaporation there were deposited warty 
masses of colorless crystals. These were removed and pressed between 
filters and recrystallized from a mixture of alcohol and chloroform. After 
one recrystallization they melted at 168 0 C., which was not changed by a 
further purification of the same kind. It was at once assumed that the 
dicentrine of Asahina (1) had been isolated, but after testing the com¬ 
pound on mice It was evident that it was another substance, and one of 
much higher degree of toxicity. By methods already described, it was 
found that 0.04 mgm. of the alkaloid was fatal to a mouse. The animal 
exhibited a period of intense excitement followed by convulsions and 
death, whereas Iwakawa in trying out dicentrine on mice found the fatal 
dose to lie between 5 and 10 mgm., and his animals experienced a pro¬ 
longed period of narcosis before death. These facts would seem sufficient 
to differentiate the two compounds. 

Another alkaloid is known with a melting point of 169° C., namely, 
Y-homochelidonine, found chiefly in Sanguinaria canadensis L. It has 
always been prepared in conjunction with its physical isomeride B- 
homocheiidonine, melting point 159°, but no trace of the latter was found 
in our product. Moreover, the physiological action of Y-homochelido- 
ntxie is like morphine, chiefly narcotic. It is therefore reasonable to as¬ 
sume that the alkaloid isolated from Bikukulla cucullaria is new, and we 
propose to name it provisionally cticullarine. Unfortunately, the small 
quantity at our disposal has made it impossible to make a complete 
study of it, but this we Intend to do later when larger quantities of 
material are available. We have been able, however, to note the follow¬ 
ing properties: It crystallizes in characteristic warty masses of prisms; 
it is colorless when first prepared but changes to pink in the light; it Is 
soluble in ether and chloroform, but not so soluble in alcohol; it is precipi¬ 
tated by the usual alkaloid reagents, Mayer’s, iodin in potassium iodid, 
picric acid (crystalline), and platinum chloric!; with concentrated sul¬ 
phuric acid a small crystal dissolves with difficulty, producing a violet 
coloration turning brown. 

Another portion of Bikukulla cucullaria was exhaustively extracted 
with 95 per cent alcohol containing a little acetic acid, the alcohol was 
removed by vacuum distillation, and the residue was taken up in dilute 
acetic acid and allowed to stand for some time. The small quantity of 
resin which separated was filtered off, and the solution was made alkaline 
with ammonia and shaken out first with ether then with chloroform. 
Very little alkaloid was recovered from the latter extract, the great bulk 
being removed by the ether. The etherial solution was set aside for sev¬ 
eral days with the expectation that protopine would crystallize out. 
This did not occur, however. The ether was then distilled off, and the 
raw alkaloid fractioned in various, ways with the production only of 
amorphous products. Our failure to isolate protopine, reported by 
Fischer and Soell in B* cucullaria , may be due to the comparatively 
small quantities of material 011 which the work was done or to the stage of 
maturity of the plant. Fischer and Soell do not say when their B. 
cucullaria was gathered and are rather obscure in their description of the 
technic they employed. V 




?6 


Journal of Agricultural Research 


Yol. XXIII, No. 2 


As with Bikukulla cucullaria it has not been possible as yet to give 
the alkaloids of B. canadensis a complete survey. It seems highly prob¬ 
able that the latter plant contains cucullarine, as the physiological 
effects produced on mice by the raw alkaloids of both plants are so sim¬ 
ilar. If present in B . canadensis it undoubtedly must be there in very 
minute quantity, as the toxicity of B . cucullaria is so much greater. 
This may account for the failure so far to isolate it. However, a crys¬ 
talline alkaloid from the roots of B. canadensis lias been prepared. 
The material was percolated with 95 per cent alcohol, plus acetic acid, 
and the solution was treated in the usual way. By extracting this prepar¬ 
ation with ether which contained a small quantity of alcohol a bright 
yellow compound was obtained, crystallizing in bundles of silky needles. 
It has a melting point of 210° C. and gave reactions with the customary 
alkaloid reagents and a crystalline precipitate with picric acid. It 
proved to be nontoxic when injected into a mouse. A dose of 0.6 mgm. 
caused the animal no apparent inconvenience. 

It is proposed to make a further study of the alkaloids of Bikukulla 
cucullaria , B. canadensis and B. eximia in more detail with larger quanti¬ 
ties of material. 

FEEDING EXPERIMENTS 

Feeding experiments with both Bikukulla cucullaria and B. canadensis 
were made by the representative of the Virginia Agricultural Experi¬ 
ment Station on a farm near Merriam, Bland County. The material 
used was collected on this farm and fed in a fresh condition. The ani¬ 
mals used were healthy yearling steers, weighing approximately 275 
pounds each. 

At first these plants only were fed, but the animals ate of them so 
sparingly that it was found necessary to mix them with grass before they 
were taken freely. Account was kept of the weight of the grass and of the 
plants fed to each animal and of the portion which remained uneaten, 
from which the approximate weight of the suspected plants eaten was 
calculated. A detailed account of the experiments follows. 

STEER 2.—The whole plant of Bikukulla cucullaria was given this 
animal. Feeding was begun at 2 p. m., April 19, 1921, but on that day 
only y 2 pound of the plant was eaten; April 20, 3F2 pounds were consumed 
between 7.30 a. m. and 5 p. m., without noticeable effects. Feeding was 
resumed at 5.15 p. m.; and at 5.30, when the animal had eaten about an¬ 
other pound of the plants, symptoms of poisoning were first exhibited. 
He suddenly began to tremble, ran backward then forward several times 
with the head held very high. He was frothing at the mouth and several 
times ejected partly digested stomach contents a distance of several feet. 
The trembling which occurred all over the body became more violent, 
convulsions ensued, and at 5.40, 10 minutes after the first seizure, he fell 
and was unable to rise. He lay upon the left side, with the head thrown 
back as in opisthotonos, and with the legs extended and rigid. He 
moaned as though in great pain, the eyes were glassy, breathing was very 
difficult, and the bowels were lax. About 5.50 relaxation began; the 
animal struggled but was unable to rise until 6.10, when lie got up; and 
although very weak and nervous he was able to walk about. From this 
time his condition improved rapidly, and, when no other symptoms of 
poisoning appeared, he was returned to the pasture at noon, April 21, 

STEER 5.—The bulbs alone of ^Bikukulla cucullaria were fed to this 
animal. Feeding was begun at 2 p. m., April 19, but practically none of 
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the material was eaten until the following day when approximately 5 
pounds were consumed between 7.30 a. m. and 5.30 p. m. Then trem¬ 
bling, convulsions and all other symptoms manifested by steer 2 were 
exhibited. As in the case of steer 2 this aninmal was eating heartily of 
the bulbs at the time of seizure. 

There was no appreciable difference in the time both animals were 
down or in their condition during recovery. These two cases agree so 
closely in every respect that they are regarded as practically identical. 

STEER 4.—Between April 19 and April 25 this animal received 60 
pounds of Bikukulla cucullaria tops which included the flowers. There 
were no ripe seeds in the material. The quantity consumed daily ranged 
from 4 to 1 1% pounds. No symptoms of poisoning were observed during 
the seven days the animal was under observation. 

Steer 3.—-This animal consumed approximately 55 pounds of the 
entire plant of Bikukulla canadensis between 5.30 p. m., April 19 and 
12.30 p. m. } April 27. The quantity consumed daily ranged from 
to 9% pounds.. Aside from a slight restlessness and uneasiness on the 
second day of feeding, when 7>£pounds of the plant were eaten, no 
injurious effect was observed. 

STEER 6 . —-This animal was brought in for feeding on the afternoon of 
April 24, and was given the entire plant of Bikukulla canadensis . Feed¬ 
ing was continued until noon, April 27, up to which time he had consumed 
16 pounds of this material. Six and one-half pounds of the plant were 
eaten on April 24, and on April 25 the animal was restless and uneasy 
practically all day, but no other symptoms were manifested. 

These experiments confirm the popular opinion that Bikukulla cucul¬ 
laria is poisonous to cattle, but more definite feeding experiments must 
be performed with Bikukulla canadensis before it can be positively stated 
that this species constitutes a menace to live stock. 

CONDITIONS UNDER WHICH POISONING MAY OCCUR 

Most of the cases of poisoning occur early in the spring. The danger 
is usually past by the middle of May, although in some of the higher 
altitudes poisoning may occur as late as June. Poisoning is said to 
occur most frequently following heavy rains, when, the soil being soft, 
the bulbs of the plant are mostly likely to be pulled up and eaten. The 
experiments show that both species of Bikukulla used are unpalatable to 
cattle and therefore unlikely to be eaten in harmful quantities when 
suitable forage is available. 

SUMMARY 

(1) Bikukulla culcullaria and B. canadensis , in Virginia popularly 
called “little staggerweeds,” have long been considered poisonous to 
cattle. 

(2) Chemical examination has shown that both these plants contain 
toxic alkaloids and that the tops as well as the bulbs of B. cucullaria are 
poisonous. 

(3) B. cucullaria contains at least one alkaloid of a highly poisonous 
nature. This alkaloid, heretofore apparently unknown, has been named 
cucullarine, and its properties are described. 

(4) Cucullarine probably occurs in B, canadensis also, since its physio¬ 
logical effect on mice closely resembles that of B. cucullaria. 

(5) Feeding experiments show that*#, cucullaria is toxic for cattle. 
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FORCING THE GERMINATION OF FRESHLY HAR¬ 
VESTED WHEAT AND OTHER CEREALS 1 

By George T. Harrington 

Formerly Scientific Assistant , Seed-Testing Laboratories, United States Department of 

Agriculture 

In the regions where the winter wheat harvest precedes sowing by 
only a few weeks, as in Wisconsin, farmers depend largely upon the cur¬ 
rent crop for fall sowing. The inability to secure a prompt and satis¬ 
factory germination test of the freshly harvested grain, when tested at 
the ordinary temperature, 20° C. or a little higher, has heretofore created' 
an administrative difficulty, which became acute toward the end of the 
sowing season when a prompt report by the analyst was imperative. 
The work reported in this paper was done in an attempt to overcome this 
difficulty. 2 In all, about four dozen samples of wheat and one dozen 
each of barley and oats of the current crop, part of them gathered from 
the standing grain, were included in the investigation. More than half 
of these samples were gathered by hand in the State of Wisconsin. 
Others were sent there or to Washington from Colorado and from the 
Dominion of Canada. 

Germination tests were made in 100-mm. Petri dishes with moist 
absorbent cotton as a seed bed, using only unbroken grains which showed 
no visible evidence of decay or injury. The majority of the samples were 
presoaked about half an hour in Gooch crucibles in running tap water, 
those badly infected with microorganisms being first sterilized from two 
to five minutes in a 1 per cent solution of silver nitrate. Only 50 grains 
were used in the majority of the tests, but 100 or 200 in some tests. 
Preliminary germination tests of all samples and a few special tests in 
which temperature effects were not important were made at room 
temperature (about 20° to 26° C.). Samples which germinated very 
well in the preliminary tests were not included in any of the tests with 
different methods of forcing germination. 

On account of the limitations under which the work was done, it was 
necessary to count grains as germinating while in the very early stages 
of germination and to discontinue the majority of the tests at the earliest 
possible date. This practice was justified by observation upon further 
development at a favorable temperature for growth in a large number 
of selected cases. 

Moisture determinations were made concurrently with the germination 
tests by drying small samples of the grain for two or three days in an 
oven in which the temperature was maintained at about 105 0 C. and the 
air was kept in circulation by a small electrically driven fan. 

1 Accepted for publication July a, 1931* 

2 The greater part of the work was done in Madison, Wis., during August, 1919, with the cooperation of 
Prof. A. If. Stone, State seed inspector of Wisconsin, on whose suggestion the investigation was undertaken. 
Dr. W. W. Robbins, who at that time was with the Colorado Agricultural Experiment Station, and the 
Canadian analysts. Prof. Stone assisted in the arrangements for collecting samples in Wisconsin. Dr. 
Robbins and the Canadian analysts sent samples from their locailities for test. The necessary equipment 
was furnished by the Branch Cereal Laboratory of the United States Department of Agriculture at Madi¬ 
son and the Department of Plant Pathology at the University of Wisconsin. After my return to Wash¬ 
ington, Miss Bertha C. Hite, of the Seed-Testing Laboratories, continued the work, concerning herself 
especially with the effect of increased oxygen, pressure and the germination of old cereals at different tem¬ 
peratures. 
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A great deal of work lias been done by others on the after-ripening 
of seeds in general and more with the cereals than with any other class 
of seeds on account of their economic importance. Much of this work 
with the cereals by English and German investigators has been related 
to the adaptation of fresh grain for use in the brewing industry, although 
relations to agricultural practice and breeding have not been entirely 
neglected. Many and various hypotheses have been put forward to 
explain the process of after-ripening, but some of these lack convincing 
experimental evidence and none is of universal application. 

RESULTS OF THE INVESTIGATION 

EFFECT OF ARTIFICIAL DRY HEATING 

Duehartre (15)? working with spring rye, wheat, and barley, was one 
of the first to call attention to the beneficial effect of artificial drying on 
the germination of seeds. He found that cereal seeds were capable of 
germination when they were still far from mature and their endosperms 
were just leaving the milk stage; that very young seeds germinated more 
slowly, but with as high a total percentage as the fully ripened grain; 
that artificial drying so affected these very young seeds that they ger¬ 
minated about as rapidly as the mature grain; and that such artificially 
dried young grain was satisfactory for seeding purposes. 

Since Duehartre } s publication, the New York (Geneva) Agriculture 
Experiment Station ( 40 ), Hotter (24), Hoffman (22, 23), Hiltner (21), 
Atterberg (6), Kiessling (28 ), and Stapledon and Adams (39) are among 
those who have published results showing favorable effects upon ger¬ 
mination from drying not after-ripened cereals and maize. Zade (47) found 
only slight advantage from artificial drying of wild oats when fresh, but 
when the dormant seeds which had been in moist sand for months were 
removed from the sand, dried, and remoistened a very large percentage 
germinated promptly. 

Recently Kendo (jo) lias shown beneficial effects from drying not after- 
ripened rice. He considers this to be due to an increase in the oxygen 
supply made possible by a change in the oats. This explanation seems 
to be applicable to Zade's favorable results with wild oats, since Atwood 
(7) has shown that oxygen is the limiting factor in the germination of 
these seeds. 

In nearly all the published work on artificial drying to hasten the after- 
ripening and germination of cereals the drying has been done by means of 
heating, and the results are therefore complicated by a possible effect of 
the heating per se. In fact Kiessling, in the article already cited, at¬ 
tempted to show that the beneficial effects he secured were really tem¬ 
perature effects and not effects of fluctuations in moisture content at 
all. However, Hiltner (21) and others have shown an accelerating effect 
upon after-ripening as a result of drying in vacuo or over sulphuric acid. 
The writer, in conjunction with Dr. William Crocker in work as yet un¬ 
published,-accelerated after-ripening of Johnson grass seed by drying over 
lime or over sulphuric acid, but the effect developed much more slowly 
and less completely here than when the seeds were heated in a drying- 
oven, Apparently in this case, both heating and drying are beneficial 
and the result seems to be related to the subsequent water intake of the 
embryo. 


4 Reference is made by number (italic) to “ Literature died,'" p. y7-i(10. 
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The effect of drying and heating treatment depends to an extent not 
always recognised upon the condition of the grain at the time of treat¬ 
ing it, the temperature used, and the length of time the treatment is 
applied. Kiessling (28) found a beneficial effect upon barley in the 
early stages of after-ripening and a harmful effect in the later stages or 
after after-ripening was complete. Stapledon and Adams (39), with 
very mild dry heat treatments, secured beneficial results with good 
strong grain and harmful .results with weak or diseased grain. Atter- 
berg (6) reported a decrease in germinating capacity as a result of dry¬ 
ing for a short interval, followed by an increase with longer drying. 
WoIJny (43), working with fully afteiripened cereals, found that arti¬ 
ficial drying decreased germination but increased the productivity of 
the resulting plants. According to Worobiew (46) heatin.g wheat before 
germination promoted a xerophy tic type of structure and increased pro¬ 
ductivity under drought conditions but had no effect with ample mois¬ 
ture supply. Apparently Johannsen’s failure (23) to induce the germi¬ 
nation of fresh two-row barley and Stapledon and Adams’ (39) only 
slightly favorable results with a number of cereals are to he explained as 
a result of drying for an insufficient length of time. 

The temperatures used for drying have varied from about 30° C. to 
as high as 8o° C., and the results with the higher temperatures have 
frequently been harmful on account of the relatively high moisture 
content of the cereals at the time the heating was begun, Miiller (36), 
Waggoner (42) , Harrington and Crocker ( 20 ), Nagai ( 37 ) , Atanasoff 
and Johnson (5), and others have shown that cereal and other seeds are 
quite resistant to the effect of temperatures even as high as xoo° C. if 
their moisture content is low when the heating commences. Zalenski 
(48) found 50° C. for a short time fatal to fresh green grain of winter 
rye and harmful to the grain in later stages of maturation. 

Several have found a temperature around 40° C. to be best for increas¬ 
ing the germination capacity of not after-ripened cereals. Stapledon and 
Adams (39) used this temperature for three days with limited effect. 
Hotter (24) gave 10 days, Hiltneff ( 21 ) 8 to 10 days, and Atterberg (6) 
8 days as the length of time drying at 40 0 C. was necessary to bring 
not after-ripened cereals to their full germinating capacity. Atterberg 
obtained the same results from 8 days’ drying at 30° C. if the seeds were 
dried in a current of air, a fact which seems to indicate that oxygen sup¬ 
ply or rate of drying is important. Moritz and Morris (34) gave 43 0 C. 
as the maximum temperature to be used in kiln-drying barley for malting, 
and Hiltner stated' that temperatures above 40° C. may be injurious to 
the fresh, relatively moist not after-ripened grain. Since barley is more 
resistant than the other cereals to the harmful effects of high temperatures 
40° C. would seem to be as high a temperature as could safely be adopted 
for general use. 

In the author’s investigations heating for one day at 40° C. was without 
effect upon the germinating capacity of very moist, fresh wheat. Table 
I shows the effects of other dry-heat treatments upon germination at 
room temperature. 

Drying wheat eight days at 40° C. had a much more pronounced effect 
upon its subsequent germination than drying at the same temperature 
for five days. This drying treatment was more effective in hastening 
germination with barley than with wheat or oats, but it raised the germi¬ 
nation capacity to nearly 100 per cent ig all cases. When the temperature 
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was raised to 62° after eight days at 40°, and the drying was con¬ 
tinued for one day, the rapidity and completeness of germination of oats 
and wheat were reduced to about the figures for the undried controls. 
Barley, after the same treatment, germinated even better than when 
dried only at 40°. This agrees with the statements of others that barley 
is more resistant to the injurious effects of high temperature than are 
the other cereals and in addition seems to indicate that up to the point at 
which injury begins, increasing the drying temperature would increase 
the effectiveness of the treatment. 

Table I .—Effect of artificial heating and drying 


Kind of grain and 
number of samples. 


Wheat, 3 samples 
Wheat, 4 samples 
Oats, 6 samples... 
Barley, 3 samples. 

Wheat, 2 samples. 
Oats, 5 samples... 
Barley, 1 sample. 

a In 3 days, 


Drying treatment. 

Average 

Percentage of germination. 

mois¬ 
ture 
content 
in per¬ 
centage 
of wet 
weight. 

Average of all 
samples. 

Samples show¬ 
ing greatest 
effect of the 
treatment. 

2 days. 

5 days. 

2 days. 

5 days. 

/Control, not dried. 

12.3 

a 61 

69 

« S2 

60 

(Dried <5 days at 40° C. 

8. 1 

7 1 

7 § 

68 

76 

/Controls, not dried. 

12.4 

38 

78 

32 

68 

(Dried 8 days at 40° C.... 

6.9 

59 

95 

54 

98 

/Controls, not dried. 

ix. 6 

20 

85 

8 

62 

(Dried 8 days at 40° C. 

5 - 5 ! 

27 

98 

20 

98 

/Controls, not dried. 

12.3 | 

9 

29 

16 

28 

(Dried 8 days at 4c 0 C. 

6.1 ] 

7 x 

99 

86 

u 100 

[Controls, not dried. 

12.3 : 

47 

83 

32 

70 

Dried 8 days at 40° C. 

7.0 ; 

68 

93 

54 

88 

Same-p 1 day at 62° C. 

4-8 1 

38 

73 

24 

50 

[Controls, not dried. 

XI. 6 ! 

20 

83 j 

8 

62 

|| Dried 8 days at 40° C. 

5-5 : 

27 

98 ! 

20 

98 

I Same-f 1 day at 62° C. 

4. 7 ! 

8 

92 

0 

74 

(Controls, not dried. 

12. 3 : 

8 




Dried 8 days at 40° C,. f.1 

0 1 

5. 7 1 

38 

0 

loo 

j 


Same+x dav at 62° C.| 

4. 7 ! 

80 

loo 



. ' ...i 







Tests of several of the samples which showed poorest germination in 
five days were continued two days longer. Germination continued at a 
decreasing rate during this time., but was fat from complete at the end 
of the time In case of some of ‘die untreated lots, especially of barley, 
and some of the lots of wheat and oats which had been heated at 62° €. 


EFFECT OF PRESOAKING 

Bleisch (9), with barley which germinated well without treatment, 
and Andrews and Beals (3), with fully after-ripened maize, have shown 
acceleration of germination as a result of presoaking. Hiltner (21) and 
Atterberg (6) greatly increased both germinating energy and germinating* 
capacity of a number of kinds of freshly harvested cereals by presoaking 
combined with a pricking of the endosperms. Kiessling (28) decided 
that presoaking not after-ripened cereals at various temperatures had a 
uniformly harmful effect as compared with drying at the same tempera¬ 
tures and that this harmful effect was not entirely overcome by the 
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“heat stimulus, ” which he makes the basis upon which rests the beneficial 
results of both drying and presoaking. With water as the heating 
medium and the grain therefore in a sensitive condition the heat stimulus 
is felt in a few hours, whereas in dry condition days are required. Too 
long heating (overstimulation according to Kiessling (28) / is of course- 
harmful. Moufang and Vetter (35) therefore recommended soaking 
barley one hour at 45 0 C., followed by soaking in the cold in preparing 
it for malting. Too long-continued soaking at any temperature also is 
recognized as harmful by all who have worked upon the subject, and 
Wollny (45)-, Kidd and West (27), and others have emphasized the fact 
that harmful effects result from presoaking in an excess of standing water. 
This danger is reduced by using running water. According to Kidd and 
West (27), presoaking the red dwarf bean in excess of water increased 
the rate and vigor of germination but decreased the total percentage 
germinating and the number and dry weight of the seedlings which 
survived after three weeks in good soil. The injury thus measured and 
the amount of exosmosis from the seeds while soaking was greater when 
they were soaked at 5 0 to io° C. or at 30° C. than when soaked at 20° C. 

Braun ( 10 ) has recently described in connection with the treatment 
of cereals for seed-borne diseases a successful method of presoaking 
which is said to stimulate germination and early growth at the same 
time that it increases the efficiency of the sterilization treatments. 
Braun used a minimum quantity of water and limited the soaking time. 

Wollny (45), Kraus (31), and Hiltner ( 21 ) reached conflicting con¬ 
clusions, which Eberhart (16) attempted to harmonize, as to the effects 
of presoaking cereals and other seeds upon the resulting crop yield. All 
these except Hiltner (21) agreed that presoaking under certain condi¬ 
tions has a very marked effect in increasing crop yield. The seeds were 
sometimes sowed moist and sometimes after a period of drying, which 
did not seem to destroy the beneficial effects. Characteristic differences 
were observed at different stages of development between the plants 
from the controls and those from the treated seeds. Wollny (45) attrib¬ 
uted the effects to coat changes which allow a more rapid water intake 
and initiate a more vigorous growth, though the percentage germinating 
is usually lessened, as Kraus (31) also decided. Eberhart (r6) agreed 
that the permeability of the seed coats to water is increased by the pre¬ 
soaking as also by favoring ether treatments and that this increase is 
important; but lie concluded that protoplasmic alterations also must 
be involved, since the effect is not temporary but persists throughout 
the growing period. 

As already stated, the majority of the germination tests in this investi¬ 
gation were made after soaking the grain about one-half hour in running 
water. The grains to be tested for germination were placed in the bot¬ 
toms of Gooch crucibles, which were then stacked in columns of not more 
than 12 in ring-stand supports. Tap water at approximately 18 0 C. 
from a spigot which gave a spattering stream, so that the water must 
have been well charged with atmospheric air as it bathed the grain, was 
then allowed to run through the entire columns. The object of this pre¬ 
soaking was to wash the seeds as free as possible of microorganisms and 
also to remove or precipitate (by means of chlorids in the water) the silver 
nitrate remaining on the grain in those tests in which the grain had been 
sterilized. There is no reason to believe that there.were any harmful 
effects from this treatment. • 
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One sample each of fresh wheat, oats, and barley was soaked in tap 
water at room temperature 1 hour and 5 hours in lots of 50 seeds each, 
which were then put to germinate at 16 0 and at 25 0 C. During the soak¬ 
ing the seeds were covered about 1 inch deep with water. The germina¬ 
tion time was reckoned from the time when the soaking was begun. 
Table II shows the results of the germination tests. 

One hour's presoaking greatly increased and 5 hours' presoaking slightly 
increased the germination within the first 31 hours, but presoaking even 
for 1 hour greatly reduced the percentage which germinated in 4 days 
in case of oats and barley but did not affect it in the case of wheat. The 
harmful effect of the presoaking was much greater when the subsequent 
germination test was made at 25 0 C. than when the germination temper¬ 
ature was 16 0 . 

Tablu II .—Effect of presoaking 1 and 5 hours in excess of standing water upon subse¬ 
quent germination 


Kind, of cereal. 


Wheat. 


Barley. 


Oats. 


*» Reckoned from the time the soaking was begun. 


1 


Percentage germi¬ 

Germitia-! 
tioix tem¬ 

Hours 

soaked. 

nating. 

perature. 

31 hours.® 

4 days. 

. 


"C. 

f 0 
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16 

1 
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; 
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12 

96 


f 0 
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25 
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46 

68 
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76 
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11 

34 
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[ 
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8 
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0 ! 

Q i 

98 

16 \ 

1: 

28 

; 54 


l 5 

2 6 

58 


f 0 : 

26 j 

(}6 

25 


26 

! 34 

i 

l 5 ! 

8 
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In order to get an idea of the progress of imbibition as affected by pre¬ 
soaking, 50 seeds of known weight of one poorly germinating sample each 
of wheat, oats, and barley were soaked one hour in small vials after 
which the water was poured off. The grain was emptied upon a blotting 
paper, the surface water was rapidly removed by rubbing with another 
small piece of blotting paper, and the percentage of increase in weight 
was determined in comparison with control lots on moist blotting paper 
in Petri dishes. The presoaked grain was then placed on moistened 
blotting paper in Petri dishes, from which it was removed from time, to 
time and its increase in weight determined in comparison with the control 
lots. During the first eight or nine hours the grain was at room tem¬ 
perature, and thereafter in an incubator at 5 0 C. to prevent germination. 
Table III shows The percentage of increase in wieght of these lots of grain 
up to the end of the third day. ® 
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The rate of imbibition during the first hour was very much greater for 
the presoaked lots than for the controls. The presoaked oafs continued 
absorbing water faster than the controls for several hours on wet blotters, 
while the presoaked wheat was absorbing water faster at the end of 72 
hours than the control. With all three kinds of grain the difference in 
moisture content at the end of the presoaking period was practically 
maintained up to the end of the three days. There was scarcely any 
tendency, for the moisture content of the soaked lots and the controls to 
become equalized within that time. This seems to indicate that the 
thorough wetting of the surface, displacing the surface film of air, in 
the case of the presoaked grain had established favorable conditions for 
the capillary movement of water over the surface of the grain toward the 
proximal region at which Schroeder (38) and Collins (12) have shown that 
nearly all water intake occurs and tended to increase permanently the 
imbibitional power of the presoaked grain. Wheat showed less difference 
between presoaked lots and controls than did barley or oats. 

The high rate of water absorption during and immediately following the 
period of presoaking probably accounts for the early beginning of germi¬ 
nation qf presoaked grain, and undoubtedly the thorough filling of coat 
structures with unaerated water retards gaseous exchange, explaining the 
reduction in germination capacity resulting from presoaking in excess of 
water. It is, however, impossible to consider coat limitations to the 
total water-absorbing power as the cause of poor germination of the 
freshly harvested grain, since the quantity absorbed by even the control 
lots by the end of the third day must be far in excess of the minimum 
amount required for germination. 

Table III .—Percentage of increase in weight on wet blotters of grain presoaked I hour 
in comparison with controls not soaked a 


Percentage of increase in weight. 


Number of hours.** 

Wheat. 

Oats. 

Barley. 


Pre¬ 

soaked. 

Control. 

Pre¬ 

soaked. 

Control. 

Pre¬ 

soaked. 

Control. 

1. 

15. 7 

8.9 

33.7 

13. 1 

25.4 

8.4 


21. 3 

13-4 

46.7 

16. I 

32.2 

15.7 

4 . 

29* 5 

23-3 

S9- 8 

26. I 

42-3 

28. 4 

8 J 4 . 

40. 0 

34 -i 

75 * 7 

37*3 

56.6 

3 * 5-5 

24 . 

c 46. 6 

40. 1 

80.4 

47.2 

I 63.5 

| 46.2 

43 *.. .. 

53-6 

46.7 

87.91 

57 - 4 

69. 2 

i 55-4 

72 . 

Moisture content after 72 hours 

58-3 

c S °-4 

86.6 

j 

c 60. 8 

72.0 

c 60. 8 

(percentage of dry weight). . 

81. 4 

71.4 

114. O ] 

4 

00 

IOO. O 

-83-9 


a Grain held for first S or 9 hours at room temperature, then at 5 C. 

b Times given are only approximate for oats and barley, but the time was always the same for a pre¬ 
soaked lot and its control. 

« One or more beginning to germinate. 

EFFECT OF STERILIZATION WITH SILVER NITRATE SOLUTION 

For use in the comparative germination tests at different temperatures 
to be discussed in a later section, grain of the samples which were badly 
infected with microorganisms—about*one-half of the total number of 
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samples—was sterilized for five minutes in a i per cent solution of silver 
nitrate 4 with subsequent, thorough washing. Concurrent comparative 
germination tests of a number of samples with and without previous 
sterilization of the grain showed that the sterilization had no effect upon 
germination except to increase that of grain which molded badly without 
such sterilization. 

Additional trials showed that wheat with not more than 10 to 12 per 
cent moisture could, with impunity, be immersed two minutes in a 1 per 
cent silver-nitrate solution even after cutting off the distal end, provided 
that the washing was very thorough. The cut surfaces of the endosperm 
subsequently darkened but germination did not suffer. A small per¬ 
centage germinated even after the embryo had been scratched with a 
needle followed by two minutes in 1 per cent silver nitrate and thorough 
washing. Of course, a majority of the grains thus treated could not 
escape serious injury. This would be the case also with grains cracked 
or mutilated by thrashing or handling. 

INEEUENCE' on THE SEED BED UPON GERMINATION 

The result of the imbibition experiments and of the germination tests 
after presoaking suggested an attempt to secure by the use of a suitable 
germinating bed as much as possible of the accelerating effects of the 
presoak without its undesirable effects upon germinating capacity. 

Trials were therefore made in ico-mm. Petri dishes with one rather 
poorly germinating sample each of wheat, barley, and oats, using seed 
beds of different character and moisture content. 

For seed bed the following were used: (1) Four circular disks of heavy 
blue blotting paper; (2) raw cotton of low absorbing capacity; (3) 
Johnson & Johnson absorbent cotton. When blotting paper disks were 
used the grain was tested both on top of the four disks and between the 
second and third disks. 

Four blotting paper disks weighed from 7 % to 8 gm. It required from 
12 to 13 % cc. of water to saturate them and then 1 cc. additional made 
sufficient excess to drip when the uncovered Petri dishes were a little 
more than half inverted. This additional amount of water was all 
absorbed by the blotters in the next two or three hours. For the germi¬ 
nation tests between blotters just the amount of water required to satu¬ 
rate the blotters was used in each case. For the germination tests on 
top of the blotters 1 cc. was added. 

The Johnson & Johnson absorbent cotton in each dish weighed only 
1.8 gr. (less than one-fourth as much as the blotters) and was saturated, 
when firmly pressed down, with 11 cc. of water. The addition of 6 cc. 
of water was then not sufficient to allow any to drip when the uncovered 
dish was a little more than half inverted. Thus the water-holding 
capacity of the absorbent cotton was greater than that of four times as 
great weight of the blotters; and of this large amount of water held by 
the cotton without flooding the seeds five or six times as much was 
readily available for rapid absorption by the seeds. 

In the germination tests the amount of water required to saturate the 
cotton (11 cc.) was used in comparison with other tests using 2 cc. less 
and 6 cc. more water. 


5 A solution of silver nitrate is a very desirable medium for surface sterilization on account of the case 
wstb which it can be removed or precipitated aa the chtorid, the tenacity with which the silver eWorld is 
held on the coat structures, and the consequent relatively permanent sterility conferred. 
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The same weight of raw cotton was used as of the Johnson & Johnson 
cotton (1.8 gr. in each dish). Into this was carefully worked as much 
water as it could be made to hold, and the excess was then squeezed out 
and poured off. The amount retained could not be accurately deter¬ 
mined but was about 10 cc. in each dish. 

Table IV gives the result of the germination, tests at 20° C. Fifty 
seeds were used in each test. 

With barley and oats concurrent tests were made at io°, 13 0 17 0 , 
and 25 0 C. The best results, especially as to rapidity of germination, 
were obtained between saturated blotters and* on top of the super¬ 
saturated absorbent cotton. Raw cotton and the only partially satu¬ 
rated absorbent cotton gave very poor results. In additional tests upon 
absorbent cotton using somewhat more than 17 cc. of water, the harm- 
* full effects of flooding the grain with an excess of water became evident. 
The quantity used should not be enough so that any can be easily poured 
off from the Petri dishes, and the grains should be allowed to rest lightly 
upon the cotton instead of being pressed into it so that the water sur¬ 
rounds them. 

The wheat was less sensitive to moisture conditions than the oats 
and barley, and the results were conflicting. Some other samples, tested 
at other times, seemed to be more sensitive than the one used in this 
series, and the optimal moisture conditions were the same as for oats 
and barley. 

In germination tests at io°, 13 0 , and 17° C., the percentage of germi¬ 
nation varied less, according to seed bed and amount of moisture used, 
than at 20°, being between 90 per cent and 100 per cent in nearly all 
cases. The relation between moisture supply and rapidity of germina¬ 
tion, however, was the same as at 20°, germination being most rapid 
between blotters and on top of supersaturated absorbent cotton and 
least rapid on raw cotton and partially saturated absorbent cotton. 
At 25 0 germination was very poor and the effect of moisture supply 
was greater than at 20°. 

At all temperatures, the best root development was obtained between 
blotters and the most rapid epicotyl development on top of supersatu¬ 
rated absorbent cotton. 


Tabus IV .—Germination at 20° C. on different seed beds and with varying amounts of 

moisture 


Seed bed. 

Cc. water. 

Percentage germinated. 

Wheat. 

Barley. 

Oats. 

3 

days. 

days. 

8 

days. 

3 

days. 

days. 

8 

days. 

3 

days- 

days. 

8 

days. 

On top of blotters_ 

13-14. 5 

36 

7 6 

80 

20 

40 

40 

24 

92 

92 

Between blotters. 
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56 

76 

82 

28 

68 

72 

S8 

88 

92 

Raw cotton. .. 

& 10 

22 

84 

92 

4 

32 

32 

16 

76 

76 

J. & J. cotton_..... 

17 

S8 

88 

92 

60 

64 

64 

48 

92 

92 

J. & J. cotton.. 

11 

46 

88 

88 

16 


52 

24 

72: 

84 

J. & J. cotton.. 

9 

64 

90 

94 

4 

32 

32 

16 

80 
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EJECTS OF MECHANICAL TREATMENTS 
I. WOUNDING 

Hiltner (21), Alter berg ( 6 ), and Kiessling (28) improved the germina¬ 
tion of various freshly harvested cereals by pricking or cutting the endo¬ 
sperms. Similar results were obtained by Zade (47) and by Atwood (7) 
with not after-ripened wild oats, by Harrington (19) with not after-ripened 
Johnson grass seed, and by Andrews and Beals (jj with fully after-ripened 
maize. Hiltner (21) and Atterberg (6) combined the wounding treatment 
with presoaking, to which the results were in part attributed. Various 
interpretations of the favorable effects of the wounding have been put 
forward. 

In wild oats, Atwood (7) showed that the effect of the wounding is 
undoubtedly due to increased oxygen intake, oxygen deficiency being 
responsible for inability to germinate. Atwood’s results with cultivated 
oats also indicate that increased oxygen supply may be involved in the 
effect with oats. Hiltner (21) believed that the wounding increases 
germination by allowing imbibition of sufficient moisture, and others have 
spoken of enzymic activity being initiated by the admission of oxygen 
and the oxidative transformation of proteins. 

Kiessling (28) discredited all explanations of after-ripening which are 
based on coat exclusions. Since immediately closing the wounds with 
paraffine did not prevent the favorable effect of the wounding he believed 
that the effect of wounding is reached by exerting a “stimulus” upon the 
living protoplasm as in his interpretation of the effects of heat and cold 
on a stimulus basis. Behrens (8) came to the same conclusion, and 
Zade’s dissertation also includes some data which might be thought to 
favor the idea that the dormant embryo of wild oats is in a state of 
exceedingly delicate equilibrium and responds .readily to mechanical 
shocks. But in the case of Zade’s work, it is probable that the rubbing 
of the embryo, which lie interprets as causing mechanical stimulation of 
the embryo protoplasm, in reality increased the permeability of the coats 
to oxygen, thus supplying the increased amount of oxygen which Atwood 
later showed to be necessary. Furthermore, Kiessling’s stimulus 
hypothesis is difficult to accept on account of the mechanical obstructions 
in the path of conduction to the embryo of any wound stimulus exerted 
upon the endosperm. The only path through the medium of living cells 
seems to be by way of the aleurone layer, which has no organic union with 
the embryo. 

In the investigations herein reported two methods of wounding were 
adopted, both of which had been found to be very effective in causing 
the germination of dormant Johnson grass seed (i$) f namely, (1) cutting 
off the distal end of the grain just back of the embryo and germinating 
the embr} r o end alone, and (2) scratching the embryo itself along the entire 
length of one side of the scutellum by means of a bent dissecting needle. 
The axial organs were avoided, but the scutellum was rather deeply 
wounded. Ohly a few lots were treated in either of these ways. 

When the distal ends were cut off and discarded the embryo ends of 
0.11 lots of barley and oats and all but one lot of wheat so treated showed 
nearly complete germination at room temperature in from three to six 
days, but a marked tendency to decay after the treatment reduced the 
percentage of healthy seedlings from some unsterilized lots below that 
for the controls. One lot of wheat showed 100 per cent germination in 
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three days after treatment, against 56 per cent in three days and 64 
per cent in five days in the control. The only lot which failed to germi¬ 
nate well after treatment was a lot of scarcely ripe wheat freshly harvested 
from the standing plants and carrying nearly 30 per cent (wet-weight 
basis) of moisture. This lot germinated 16 per cent in six days after 
treatment and failed to germinate at all in the control. Probably if 
comparable lots of oats and barley had been treated in the' same way 
the germination would have been no better. 

Simply removing the hulls from poorly germinating lots of oats and 
bade}" slightly increased their germination. 

Scratching the embryo had much more effect than cutting off the distal 
end, inducing practically complete germination in two or three days 
of all lots thus treated except the one lot of wheat which was least affected 
by cutting of the distal end. This germinated 86 per cent in six days, 
while the control failed to germinate at all. The tendency to decay was 
much less than when the endosperms were removed, apparently on 
account of germicidal properties of the wounded embryos. 

2 . REMOVAL OF THU COAT STRUCTURES WITH CONCENTRATED SULPHURIC ACID 

This treatment also has been found very successful with dormant 
Johnson grass seed (19). In this investigation it was used only with 
wheat. It is classed as a mechanical treatment because its effect appar¬ 
ently depends entirely upon the removal or weakening of the coat stru c- 
tures over the embryo. The grain was immersed in the concentrated 
acid for from 30 seconds to 5 minutes, washed in sodium-bicarbonate 
solution, rubbed free from as much as possible of the disintegrated 
tegumentary structures, and finally washed for about half an hour in 
running water. The first part of the coat to be visibly affected was 
that over the radicle, which became slightly charred in 30 seconds. 
After 3 minutes' treatment nearly the entire coverings rubbed off readily 
except over the edges of the scutellum and over, the distal end of the 
caryopsis. Even after 5 minutes these parts were not wholly bared. 
The most rapid and complete germination was secured after 3 to 5 
minutes' treatment, but the acceleration was quite noticeable when the 
treatments lasted only 30 seconds, therefore only slightly weakening the 
coat but probably effecting its permeability to a marked degree. This 
was the most effective of all the mechanical treatments, causing complete 
and prompt germination of the most resistant sample; but it is almost 
as tedious as the others and entails great clanger of subsequent decay. 

In all probability, the effect of all mechanical treatments here reported 
depends fundamentally upon the same cause, which may be either (1) 
relieving the axial parts of the embryo of some inhibiting substance by 
diffusion outward, or (2) an increase in respiration or an alteration in its 
nature by allowing more ready exchange of oxygen and respiratory 
products, or (3) a more obscure “stimulus" to the living protoplasm. 
Possibly, also, a similar stimulation of the epithelial layer of the scutellum 
plays at least a secondary part when the endosperm end of the caryopsis 
is removed or the scutellum is wounded by scratching. In this connec¬ 
tion, it should be said that simply rubbing off the thin membrane which 
remained over the embryo of barley after the imbibed naked carycpses 
were removed from the scales also induced quick and complete germina¬ 
tion of the most troublesome samp^. The embryos were injured, 
however, sufficiently to cause some of the elongating coleoptiles to curve 
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abnormally upward on account of more rapid growth on the under than 
on the upper side. The possibility of a wound stimulus is therefore not 
eliminated. 


GERMINATION AT DIFFERENT TEMPERATURES 

Atterberg (6) was perhaps the first to call attention to the favorable 
effect of cool temperatures upon the germination of not after-ripened 
cereals. He considered after-ripening as simply the continuation of the 
normal process of ripening, and recommended that, with cereals too 
unripe to germinate well at from 13 0 to 15 0 C. the germination test be 
preceded by drying for eight days at 40° C. He also found that the 
use of alternating temperatures sometimes increased germination of such 
grain. Kiessling (28) got better germination at 12 0 to 16 0 C, than at 
18 0 to 23 0 C, as late as November and better at io° to 14 0 C. than at 
18° to 22 0 C. until late stages of after-ripening, when the comparison was 
reversed. Recently, Stapledon and Adams (jp) stated that from 12 0 
to 15 0 C, gave best results with nearly all samples of fresh cereals. Of 
course at the low temperatures the rate of development is very slow and 
germination therefore has to be counted very “closely” or else the 
germination test has to be continued over a longer period. 

An alternative is to transfer the grain to a higher temperature for an 
additional day or two as soon as practically all have begun to germinate. 

Table V summarizes the results of a large number of germination 
tests at different temperatures. 

The very favorable effects of temperatures well below 20° C. is strikingly 
evident. With oats and barley the highest average total percentages 
of germination in two weeks were secured at 5 0 and 9 0 . There were 
very considerable differences in response to temperature between indi¬ 
vidual samples of each kind of cereal. 

Table V .—Germination at different temperatures 

average percentage beginning to germinate at different TEMPERATURES 
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Number 
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PERCENTAGE OF GERMINATION OF SAMPLES SHOWING MAXIMUM TEMPERATURE EFFECT 
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A number of the poorer germinating samples of wheat were kept in 
the germinators for two weeks. With these, as with oats and barley, 
nearly all the grains previously ungerminated began to develop at the 
lower temperatures, but-the germination of several samples remained 
far from complete at 19 0 C. and especially at 22 0 . 

When barley and oats were kept In the cool germinators for the longer 
period, # the endosperms usually became fluid and milky, while the later 
appearing germinations were often abnormal and weak. It is question- 
able, therefore, whether these should be counted as germinated. Atter- 
berg’s (6) combination of artificial drying with subsequent germination at 
cool temperature should be used with such samples. No such doubt is 
attached to the result with wheat, or to the early appearing germinations 
of barley and oats. 

A temperature somewhat lower than 20° C. is of advantage also in 
making germination tests of older samples of cereals. Probably about 
16° is the optimum. The percentage of germination of old samples fre¬ 
quently is slightly greater, and never is significantly less than at 20°, 
the development of the seedlings is sufficiently rapid, and the tendency 
to mold or decay is markedly less than at 20°. The results of this inves¬ 
tigation show this to be true with oats and wheat, and incidental refer¬ 
ences in the literature on germination indicate that it is probably true 
also of barley and rye. 

Several samples of spring wheat were very poorly developed on ac¬ 
count of the rust epidemic, the selected grains for some samples being 
hardly more than half normal weight. Nevertheless, these samples re¬ 
sponded as well to the mechanical treatments described in the previous 
section and to low temperatures as did the well-matured samples. 

The use of relatively low germinating temperatures for winter cereals 
has the added advantage of simulating much more nearly the conditions 
under which the grain would germinate in the field. Planted in the fall, 
it has cool nights at least, and soon the average soil temperature, even 
in the day, is well below 20° C. Furthermore, Aderhold (1), Appel and 
Gassner (4), Gutzeit (18) y Gassner (if), and Walster (43) have shown that 
the exposure of different kinds of seed or very young seedlings to low 
temperatures—always well below 20° C and frequently around o°—has a 
very marked effect upon the subsequent development of the plant. In 
the case of cereals (especially winter cereals) this effect is decidedly 
beneficial, since it promotes an early, uniform, and abundant fruitage. 
The formative effect of temperature upon the plastic organs of plants 
has recently been further illuminated by Child and Bellamy (it). All of 
these investigations taken together open up a very interesting field for 
further study in connection with the after-ripening and germination of 
cereals. 

EFFECT OF INCREASED OXYGEN PRESSURE UPON GERMINATION 

As indicated in earlier pages Atwood (7) has found increased oxygen 
pressures efficient in forcing ■ the germination of dormant wild ' oats, 
Kiessling (28) obtained similar results with tame oats and also found 
oxygen treatments helpful in increasing the germination of barley in 
the early stages of after-ripening but harmful in the later stages of after- 
ripening. Kondo (30) concluded that after-ripening in rice consisted of 
a process of oxygen storage and enzfm formation and that the bene-, 
ficial effect of drying was related to increase oxygen entrance. Hoffman 
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(25) elaborated a similar hypothesis, so far as oxygen is concerned, to 
explain the after-ripening of cereals. 

On the other hand, Kiessling, in the article just referred to, showed 
that barley after-ripened more slowly in atmospheres in which two- 
thirds of the normal air was replaced by oxygen than in unaltered at¬ 
mospheric air, and also that the beneficial effect of heating, either with 
or without simultaneous drying, was not dependent upon the partial 
pressure of oxygen during the period of heating. Takaliashi (41), 
Magai (37), and Akemine (2) have all shown that fully after-ripened rice 
germinates and develops considerably in entire or almost entire ab¬ 
sence of oxygen, and Lukas (33) found that fully after-ripened oats and 
maize, as well as some other seeds, germinated more rapidly in reduced 
air pressure (therefore reduced partial pressure of oxygen) than in 
normal air. The behavior of rice is undoubtedly related to its ecology, 
this grain being adapted for germination under water, as are the seeds 
of many water plants (1*3, 1*4). 

From Kiessling's {28) and Lukas’s (33) results, it would seem either 
that the oxygen requirements of the embryos decreased during after- 
ripening, or else that increasing permeability of the coat structures 
during the after-ripening rendered oxygen in a given partial pressure 
more available for the use of the embryo. Atwood's (7) results show 
that the latter is probably the case with wild oats, while the work of 
the Japanese workers favors the former explanation with rice. 

In this investigation, increased partial pressures of oxygen were used 
in testing the germination capacity of a number of not after-ripened 
samples of wheat. The apparatus used consisted of a small battery 
jar inverted within a larger battery jar so that two or three litres of 
gas was imprisoned over a water seal. The grain was tested 011 moist 
blotting paper in open Petri dishes floated on large corks within the 
small inverted battery jars, using 100 grains for each test. Increasing 
the percentage of oxygen in the atmosphere to 36 per cent had appar¬ 
ently the maximum effect on germination. With this percentage 85 
per cent of one sample of wheat germinated in five days against 44 per 
cent with the normal 20 per cent of oxygen, while the amount of growth 
was nearly twice as great. With higher partial pressures of oxygen, the 
percentage of germination was about the same as with 36 per cent, but 
the rate of growth was less. 

WATER CONTENT IN RELATION TO GERMINATION 

Some of the earlier workers on after-ripening of cereals and the effect of 
artificial drying attempted to establish a relation between the moisture 
content of the seeds or alternations therein immediately preceding the 
germination test on the one hand and germination on the other hand. 
As shown in a previous section, artificial drying has usually had a bene¬ 
ficial effect. However, Atwood (7), Kiessling (28) > Koxido (30) and 
others have shown in articles already cited that after-ripening takes place 
also when loss of water is prevented or even when more water is absorbed 
by the grain during the period of after-ripening. Besides the frequently 
favorable effect of presoaking as well as of drying is opposed to the view 
that the germinating capacity of not after-ripened grain is quantitatively 
related to its water content at the time the germination test is made. The 
relations involved go deeper, are less simple, and involve many other fac¬ 
tors than moisture. 
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The author lias found no quantitative relation between .moisture con¬ 
tent and germinating capacity. For instance, some samples of wheat 
collected from the shocks with 12 to 13 per cent moisture content ger¬ 
minated well at room temperature 'soon after collection, before their 
moisture content had fallen appreciably, while other samples collected 
and tested at the same time under the same conditions and with the same 
moisture content at the beginning of the test germinated poorly. Under 
proper treatment or after a period of after-ripening the latter germinated 
as well as the former. 

In Table VI the germination data for a number of samples tested at the 
same time at room temperature are arranged according to the moisture 
content of the samples on moist-weight basis at the time the test was 
begun. Although there is a general falling off of germination with in¬ 
creasing water content, the water content groups overlap in regard to 
germination. All of the 11 samples falling in the last column (greater 
than 14 per cent moisture) were collected from the standing grain and 
tested within six days after collection. The relations between moisture 
content and germination are further illustrated by the data for individual 
samples in Table VII. 

RATE or AFTER-RIPENINGPOSSIBLE VARIETAL DIFFERENCES 

Attberg (6) stated that cereals may pass the entire winter in ordinary 
dry storage without becoming fully ripe (using “ripe” in the sense that 
he considers after-ripening as but a continuation of normal ripening pro¬ 
cesses), and that 1 or 2 months" drying at room temperature may be 
necessary. Kinzel (29) stated that oats reached their full germinating 
capacity in 2 months, but their full germinating energy only after 8 or 10 
months. 

Table VI .—Germination of freshly harvested cereals of different moisture content in 5 days 

at room temperature 



At moisture content of— 


10 to II 

per cent. 

II to 12 
per cent. 

12 to 13 
per cent. 

13 to 14 
per cent. 

Greater 
than 14. j 

Wheat: 

Number of samples. 

8 

6 

0 

6 

6 

Percentage of germination— 

Average.. 

on 

93 

IOO 

73 

IOO 

59 

98 

28 

26' 

Maximum... 

IOO 

S 2 

0 

Minimum..... 

86 

s 4 

I 

26 

Oats: 

Number of samples. . ... 

0 

3 

I 

2 

Percentage of germination— 

Average.... 


7 ° 

75 

90 

5 2 | 

1 

48 

64 

90 

38 

3 

Maximum .. 

' 

Minimum. .. 




Barley: 

Number of samples.. 

0 

0 

a 

Percentage of germination— 

Average.. 



1 

100 ; 

IOO 

11 

Maximum.. 



16 

Minimum. 





8 


9 
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Table VII.— Variety , length of time harvested, moisture content, and germination of 

wheat samples 


Sample No. 


Variety. 


Number 
of days 
since 
cutting:. 


Percent¬ 
age of 
water. 


Percentage of 
germination. 


w 2 .. 
w 3 .. 

W 7 «. 

W 8 «. 

W n . 


W B «. . 
W fl ... 
5902. 
5900. 
W 6 ... 
W 10 .. 
W 12 f. 

w l8 *. 

W 

W 15 .. 

W w c. 

W 17 c. 


Winter... 

.do... 

Winter (Wisconsin No. 2 ). 

.do. 

.do... 

.do. 

.do... 

Spring (Kruger’s)Wisconsin Wonder) 

Winter (Turkey Red). 

.do... 

Spring (Blue Ribbon). 

Spring (Marquis). 

.do. 

.do... 

Volunteer in oat field. 

-.do. 

Spring. 

.do. 


34 
34 
34 
34 
34 
30 
30 
25 
24 
2 3 
17 
17 

2 

4 

4 

5 

6 

5 


12. 5 

13. 4 


J.Z. o 

13-3 


13. 4 

12. 9 
10. 8 
10.3 

13. 2 
12. 9 
28. 9 
20. 4 
15.0 
17. 1 
23. 8 

14. 7 


94 in 4 days. 
86 in 4 days. 
42 in 5 days. 
56 in 5 days. 
98 in 2 days. 
28 in 5 days. 
40 in 5 days. 
100 in 2 days, 
94 in 2 days. 
92 in 4 days. 
52 in 5 days, 
26 in 5 days. 
10 in 0 days. 
16 in 5 days. 
52 in 5 days, 
24 in 5 days, 
50 in 5 days. 
14 in 5 days. 


a W? was from the outside and We from the inside of the same bunch; W* from the top and W» from 
the bottom of the same bunch. 

6 W13 was collected from same field as W12 but was greener. 

c W17 was from the same field as Wig but was standing and was somewhat better grains than Wj«. Wae 
had been cut the preceding day. 

d Wist to W17 were collected from standing grain on a rainy day and stored in the heads in heavy envelope® 
until the day of the test for germination. 

Table VII presents such data as are available regarding rate of after- 
ripening arranged according to the length of time which had elapsed be¬ 
tween cutting the grain or collecting the samples and the first germina¬ 
tion test. The tests were made simultaneously at room temperature* 
On account of the lack of time, none of these samples were systemati¬ 
cally retested at intervals to keep track of the rate of after-ripening. 

There is no quantitative relation between the lapse of time since cut¬ 
ting and germinating capacity. The data suggest such varietal differences 
as have been described by Kiessling (28), who found striking differences, 
constant from year to year, in the initial dormancy and rate of after- 
ripening of different varieties and pure strains of wheat, oats, and barley 
and related these differences to differences in winter hardiness in case of 
winter wheat. Some varieties of barley after-ripened fully in two weeks, 
while others required more than two months. So far as the data in 
Table VII go, they indicated that Turkey Red winter wheat and espe¬ 
cially Kruger's Wisconsin Wonder spring wheat are quickly after¬ 
ripening varieties; Marquis spring wheat and Wisconsin No. 2 winter 
wheat are slowly after-ripening varieties. According to Kiessling's (28) 
observations, the quickly after-ripening varieties, germinating sooner and 
more uniformly and becoming better established before the advent of cold 
weather, are also those recognized as the more hardy varieties. On this 
basis, Turkey Red ought to be more resistant to severe winters than 
Wisconsin No. 2, which is a strain isolated from Turkey Red stock. 
This condition is the reverse of what actually obtains in Wisconsin but is 
a matter which would undoubtedly vary in different localities and with 
grain from different sources. This suggested relation ought to be fol¬ 
lowed up in further investigations. 
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DISCUSSION 

The work reported In this paper does not warrant an attempt to discuss 
in any detail the processes involved in after-ripening of the cereals or the 
numerous hypotheses previously offered to explain either these processes 
or the traanalyzed fact of after-ripening. Previous work by others has 
been cited when it was sufficiently related to the work herein reported. 
The enzymic theory of after-ripening has been almost entirely neglected 
in the references to the literature, not because this theory does not 
deserve mention but because the investigation did not touch on that 
phase of the general problem. The principal aim has been to present 
the results which are of value in the practise of seed testing and to fortify 
these results by citations of the results of others rather than to illumine 
or to explain the physiology of after-ripening or of germination. 

All of the treatments which were of value in increasing the germination 
of the incompletely after-ripened cereals may logically be considered in 
connection with their oxygen and water requirements if we consider the 
effect of dry heating to be to Increase the permeability of coat structures 
to oxygen. But there is no proof that heating has this effect. It may 
act in a more direct way on the embryo. In like manner in the other 
beneficial treatments effects upon the embryo protoplasm are not always 
out of the question. The bulk of the evidence does, however, seem to 
favor an explanation in which oxygen and water relations are involved 
and coat effects are important. Oxygen relations appear to be especially 
important. Since the cereals investigated seem under any conditions to 
absorb much more water during the germination test than the minimum 
required for their germination and since increased oxygen forced germina¬ 
tion it seems probable that moisture and Imbibition effects were related 
to the effects upon oxygen relations and respiration. Since the grain 
can be forced to germination and vigorous growth at any time, it does not 
seem that a storage of oxygen is a necessary part of after-ripening as 
postulated by Hoffman (23). The more probable explanation is that the 
treatments which force germination merely bring about the necessary 
Increase In oxygen supply by removing coat structures or Increasing their 
permeability to oxygen and that this change in permeability of the coat 
occurs also in normal after-ripening. Kiessling’s (28) results with heating, 
with and without loss of moisture and in atmospheres of various compo¬ 
sitions, upon which his stimulus hypothesis of the effect of heating is 
based are at least as readily explained on the basis of coat permeabilities. 
This Is the situation which Atwood (7) found with wild oats, but it does 
not hold good for rice with which there must be either a storage of oxygen 
or a decrease in oxygen requirements during after-ripening. 

Wlndlsch (44 ), neglecting coat factors, lays emphasis on cell-wall 
permeability factors within the grain, which influence osmotic move¬ 
ments of nutrients. Windisch’s hypothesis Is not in consonance with 
the ready germination of the fresh grain when coat structures are 
removed or weakened. 

The interrelations between moisture content, temperature, coat char- 
aeteristics and changes therein, oxygen intake, rate of imbibition, rate 
and character of respiratory exchanges, response of the protoplasm to 
wounding and to the other treatments, changes in food reserves, the 
formation and activation of enzyms during the period of after-ripening 
and under both normal and forced germination ought to be thoroughly 
investigated, as well as the effects of the different treatments so far as 
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possible upon seedling vigor, upon the development of the resulting 
plant, and upon crop yield/ The work of Kidd and West (26) in bringing 
together under the head of a Physiological predetermination” the result 
of previous work bearing on the latter subject, as well as the work 
referred to on previous pages, emphasizes the probability that the periods 
of maturation and germination of the seed, and perhaps also the inter¬ 
vening period of after-ripening, may be about the most impressionable 
stages in the life history of the plant for the reception of influences 
which are capable of modifying fundamentally the whole future course 
of its development. In future investigations along this line possible 
varietal differences should always be kept in mind. 

SUMMARY 

(1) Newly harvested cereals frequently do not germinate well at 20° C. 
or above under the ordinary conditions for germination tests. This fact 
has caused difficulty in administering State seed laws in the winter- 
wheat areas where harvesting precedes sowing by only a few weeks and 
the current crop is used for seeding. 

(2) The embryos of the cereals investigated are never essentially 
dormant, dormancy being imposed by coat structures. 

(3) Artificial dry heating, opening the coat structures over the embryo 
with incidental wounding of the scutella, and cutting off the distal ends, 
were effective in varying degree in inducing the germination of not after- 
ripened or partially after-ripened wheat, oats, and barley at room tem¬ 
perature. 

(4) Removal or weakening of the coat structures over the embryos of 
wheat by the use of sulphuric acid was exceedingly effective in inducing 
complete germination in a minimum length of time. 

(5) Artificial drying, to be completely effective, must be continued 
for a week or more and thus unduly delays the germination tests. 

(6) Removal of the scales from oats and barley increased their germina¬ 
tion somewhat, and removing the loose pericarp and tegumentary struc¬ 
tures over dormant barley embryos caused complete germination at 
room temperature. 

(7) Increased oxygen pressure in the atmosphere greatly increased the 
germination at room temperature of partially after-ripened wheat. 

(8) The mechanical treatments, wounding and corrosion with sulphuric 
acid are very tedious processes and entail great danger of subsequent 
decay. 

(9) Presoaking for even one hour in excess of water accelerated the 
germination of partially after-ripened wheat, oats, and barley but 
decreased the total germination. The soaking increased the rate of 
imbibition, and apparently the injurious effect upon total germination 
was the result of limiting gaseous exchanges by saturation of the surface 
layers of the grain with unaerated water. Presoaking half an hour in 
running aerated water did not seem to have any ill effect. 

(10) For the germination of not after-ripened cereals, the seed bed 
should be such as to supply abundant water available for rapid absorption 
by the grain, but to do this without flooding the grain. Somewhat 
supersaturated absorbent cotton in Petri dishes satisfies these require¬ 
ments if the grain is placed lightly on top of the cotton. Barely saturated 
blotters give equally good res til if the grain is placed between the 
blotters, but not if .the grain is placed on top of the blotters. 
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(11) A temperature considerably lower than 20° C. is much more 
satisfactory than 20° or higher for the germination of freshly harvested 
wheat, oats, and barley. Wheat responds to the low temperatures 
more uniformly than oats or barley. Nearly all fresh samples of wheat 
can be satisfactorily tested for germination at from 12 0 to 16 0 without 
previous treatment and without undue loss of time. With barley and 
oats the time required is longer, and it may sometimes be desirable to 
precede the germination test by dry heating. 

(12) There is no quantitative relation between water content and 
germinability. After-ripening progresses at the same time as normal 
loss of water during curing of the grain, but not primarily as a result 
thereof. It occurs also at a modified rate when water less is prevented 
or slight water absorption is caused. 

(13) Some samples after-ripen much more quickly than others. The 
rates of after-ripening may be varietal characteristics and may be related 
to winter hardiness under some climatic conditions. 

(14) Oxygen relations appear to be very important in the gemination 
of not after-ripened cereals. The beneficial effects of mechanical treat¬ 
ments and of artificial drying and heating are probably related to in¬ 
creased oxygen supply to the embryo. It seems likely also that the 
permeability of coat structures to oxygen increases during after-ripening 
and that this increased permeability is related to the improved germi¬ 
nation. 
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A NSW AND EFFICIENT RESPIROMETER FOR SEEDS AND 
OTHER SMAED OBJECTS: DIRECTIONS FOR ITS USE 1 

By George T. Harrington, formerly Scientific Assistant, Seed-Testing Laboratories 
and William Crocker, formerly Plant Physiologist, Drug-Plant, Poisonous Plant, 
Physiological, and Fermentation Investigations, Bureau of Plant Industry, United 
States Department of Agriculture 

PREVIOUS RESPIRATION APPARATUSES 

la the study of the dormancy, after-ripening, and germination of 
seeds, quantitative studies of their respiration are of major importance. 
For such studies on seeds and other small objects, a great many devices 
have been used, but none of them is perfectly adapted for the kind of 
studies the authors desired to make. Hence, the attempt to devise a 
new apparatus which would meet our requirements. Some of the appa¬ 
ratuses previously used, with their limitations, are indicated below. 
They are grouped according to the principle involved in the method. 

(l) DEVICES FOR ABSORBING WITH CAUSTIC THE CARBON DIOXID (C0 2 ) 
RESPIRED INTO A STREAM OF C0 3 -FRBE AIR, OR OTHER GAS OR MIXTURE 
OF GASES, WHICH IS CONSTANTLY BEING DRAWN THROUGH THE APPA¬ 
RATUS CONTAINING THE RESPIRING MATERIAL WITH SUBSEQUENT 
DETERMINATION OF THE AMOUNT OF THIS ABSORBED C0 2 BY TITRATION 
OR BY FILTERING AND WEIGHING THE CARBONATE 

Among the earliest, most widely known, and most generally used of 
these devices are the long inclined tubes first used by Pettenkofer (ax), 3 
and later somewhat modified by Pfeffer (22). These tubes, with or 
without modification, and combined with appropriate special devices 
for incubation of the experimental material, and for controlling the pres¬ 
sure when necessary, have been used by a large number of investigators 
in important studies on carbon assimilation and normal and intra¬ 
molecular respiration. Winkler’s modification in Hempel (n) of, the 
Pettenkofer tube consists in bending it into the shape of a spiral so that 
it is easier to use. 

Other devices which have been much used for the absorption of. C 0 2 
in a stream of air which had been drawn through the receptacle containing 
the respiring material consist of vertical towers of caustic solution. 
The tower invented by Reiset ( 23) has three multiperforate disks of plati¬ 
num inserted to interrupt the stream of air and break it up into small 
droplets, thus insuring complete removal of the C 0 2 . Reiset tubes have 
been used by Brown and Escombe (3) in their important work on the 
energetics of green leaves, and by many others. 

Recently, Gurjar (7) has adopted Truog’s absorption tower, first used 
in soil analyses, for use in respiration studies. This tower consists 
simply, of a vertical glass tube, ground into the neck of the flask which 
carries the caustic solution and filled to any desired height with glass 
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beads which break up the current of air as it rises and take the place of 
the platinum disks of the Reiset tubes. 

Sachs (in Grafe, 6)' drew the respired air through a series of simple 
absorption bottles, Kostytschew (ij) used Giessler bulbs, and many 
other devices have been used by others. 

With sufficiently large quantities of actively respiring material, appa¬ 
ratuses of this type are excellent for determining one side of the respiratory 
reaction. They have the advantage of avoiding the disturbing effects 
of changes in the partial pressures of oxygen and C 0 2 , but they neglect 
entirely the question of the amount of oxygen absorbed by the respiring 
material, which is quite as important as, and not always in proportion to, 
the amount of C0 2 given off. 

Furthermore, they are not adapted for use with limited quantities of 
very small or relatively inactive seeds, as the amount of C0 2 given off 
in reasonable time may in this case fall within the limits of error of the 
method. Unless special precautions are observed, the experimental 
errors are likely to be rather large. 

( 2 ) ABSORPTION BY CAUSTIC SOLUTION OF THE) C0 2 RESPIRED IN A CLOSED 
SPACE WITH OR WITHOUT SIMULTANEOUS MANOMETRIC MEASUREMENT 
OF THE OXYGEN ABSORBED 

The apparatus used by Wolkoff and Mayer (32) was simply an in¬ 
verted U-tnbe, one arm of which dipped into a dish of mercury, while 
the other arm was much enlarged and received the plant material and a 
dish of caustic solution. This end of the tube was, of course, closed dur¬ 
ing the experimental period, and the whole apparatus was immersed in 
a water bath. 

Godlewski (5) cultured his material in a closed flask which contained 
a dish of caustic solution and was connected with a one-arm open ma¬ 
nometer dipping into mercury. Stich (24) modified this apparatus for 
effective temperature control by immersion in a water bath. 

When the manometer is used, this type of apparatus gives both 
oxygen consumption and C 0 2 production, but since the C 0 2 is absorbed 
as rapidly as it is given off and does not therefore compensate for the 
oxygen absorbed by the respiring material, the method often involves 
relatively large changes in pressure during an experimental period; 
these pressure changes might in some cases affect the results. Besides, 
like the preceding type of apparatus, this type requires special care to 
avoid errors due to the absorption of C0 2 from sources other than the 
respiration of the material being studied and is not adapted for use with 
limited quantities of very small material. 

( 3 ) INCUBATION IN A CLOSED SPACE, WHICH IS NOT SUPPLIED WITH 
EITHER CAUSTIC OR MANOMETER, WITH OCCASIONAL SAMPLING OF THE 
AIR FOR ANALYSIS IN SOME FORM OF MICRO-APPARATUS, OF WHICH 
THE BONNIER-MANGIN APPARATUS IS PERHAPS THE BEST. THIS APPA¬ 
RATUS AND ITS USES ARE DESCRIBED IN DETAIL BY THODAY (p 6 ). IT 
HAS BEEN WIDELY USED DURING THE LAST 35 YEARS 

In the use of this method seeds have frequently been incubated for 
respiration in tubes inverted over mercury, but, as pointed out by one 
of us (9), the contact of the seeds with mercury may so alter their be¬ 
havior as to make the use of this^method entirely out of the question in 
specific cases. * 
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Other methods of Incubation without contact with mercury are, of 
course, possible. But when the mercury is used in contact with the 
respiring seeds, even if no effect of the mercury is known, this possi¬ 
bility should be carefully investigated before depending upon the re¬ 
sults. At best the usefulness of the method is limited by the tedious¬ 
ness of the processes of incubation of the material and of sampling and 
analysis of the gas. 

(4) micro-respirometers, the essential feature of which is the 

USE OF VERY SMALU QUANTITIES OF GAS OR THE DETECTION OF VERY 

SLIGHT CHANGES IN ITS COMPOSITION 

Thunberg's unnecessarily complicated apparatus (27), modeled on 
Peterson's older C 0 3 apparatus, consists of two connected pipettes of 
similar size—one for analysis of the gas and the other for pressure com¬ 
pensation—each connected with a capillary tube and adjustable bulb of 
mercury. Thunberg’s simpler apparatus, merely for demonstration of 
oxygen consumption (28), was modified by Winterstein (31), to allow 
the introduction of artificial atmospheres and further modified by Wid- 
mark ( 30 ) for accurate quantitative work with very small gaseous ex¬ 
changes. As used by Widmark it Is still too cumbersome for general 
use; one half of the apparatus serves, merely as a compensator for the 
other half, in which the respiring material is incubated, and the results 
obtained are vitiated by the fact that oxygen consumption and C 0 2 
production are studied In duplicate lots of material instead of in identical 
material, or, if in the same material, then in alternate instead of identical 
periods. Besides, it seems probable that this apparatus could not be 
used when the gaseous exchange Is as large as in most studies with moist 
seeds. 

Tashiro (26) described two apparatuses which he claims will detect 
1 X io“ 7 gr. of C 0 2 by absorption in a small drop of barium-hydrate 
solution. The author claims the possibility of accurate estimation of the 
amount of C 0 2 by a series of trials in any given case. These apparatuses 
can not be used with as large quantities of C 0 2 as are usually involved 
in respiration studies without extraordinarily large multiplication of ex¬ 
perimental errors; they are relatively complicated and expensive; they 
take no account of the oxygen consumption; and in spite of the author's 
claim to the contracry, they seem to be adapted only to rather roughly 
approximate estimation even of the C 0 2 given off. 

Winkler, long ago, described a very sensitive chemical method for 
determining the percentage of oxygen In solutions, using alkaline potas¬ 
sium iodid, manganese chlorid, and hydrochloric acid. Recently, 
Osterhout and Haas (20) adapted this method for use in biological work 
with aquatic organisms. This method is at best too complicated for use 
when any other method is available. It is not adapted for use with other 
than aquatic organisms, and it neglects determining the C 0 2 produced 
in respiration. 

Warburg (29), by substituting a short column of hot N/80 baryta water 
for the long column of the cold N/10, was able to determine small amounts 
of respired C 0 3 with a maximum experimental error not exceeding 0.1 
mgm. or 0.05 cc. C0 2 . 

Later, Krogh (14) developed a manometric apparatus which he de¬ 
scribed as “the simplest form of the clbsed-space respiration apparatus." 
Like Thunberg’s apparatus and its various modifications, it makes use of 
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the principle of the compensating chamber to avoid the necessity of 
correcting for barometric and temperature changes. It is said to be 
sensitive enough to follow the oxygen absorption by a single insect egg 
weighing 2 mgm. in 10-hour periods. Krogh also described a later modi¬ 
fication of Winterstein's apparatus which he says can be made even more 
sensitive than the Krogh apparatus. 

Very recently, Lund (16) has developed a very simple apparatus for 
following the C 0 2 production by small objects by titration of baryta water. 
With proper manipulation, it is very sensitive, but, like the other purely 
chemical methods, Lund’s method requires special care to avoid errors 
due to the absorption of C 0 3 from sources other than the respiring 
material, or errors from other sources. It also neglects oxygen con¬ 
sumption. 

The range of some of the apparatuses of the micro type is sufficient to 
adapt them for much of the work on the respiration of seeds, but none of 
them provides for simultaneous determination of both sides of the 
respiratory exchange in the same material. 

(5) INDICATOR METHODS 

Doctor Haas (8) and Professor Osterhout (17) recently perfected an in¬ 
dicator method which is very sensitive in detecting small quantities of C 0 2 
respired. Their method is especially adapted for use in investigations 
in which only the comparative rate of production of C0 2 under different 
conditions is to be studied. It has the advantage of sufficient sensitive¬ 
ness so that the experimental time can be very short, a matter frequently 
of prime importance; and the small amount of time required for the 
manipulation of the apparatus adapts the method for rapid and simul¬ 
taneous determinations in several different experiments. By means of 
special calibrations and a sampling device the apparatus can be used for 
the approximate determination of the absolute amounts of oxygen 
absorbed and C 0 2 produced; but this is not its special use. Indicator 
methods for the determination of the oxygen absorbed by the respiring 
material have also been described by Osterhout (18) and by Harvey (io), 
but these present certain grave objections and at best are not available 
for simultaneous determination of the C 0 3 produced. The use of the 
indicator method for accurate measurement even of OCX output requires 
constant care to avoid errors due to buffer effects (ig) or to the possible 
production of acid-reacting substances other than CCX or of alkaline- 
reacting substances. 

In view of the limitations of the apparatuses previously used in inves¬ 
tigations of respiration, we undertook to develop a new apparatus which 
would be simple, easy to use, and free from as many as possible of the 
objections which other apparatuses presented. With our apparatus, as 
described on the following pages, oxygen consumption and C 0 2 produc¬ 
tion ' are determined in the same apparatus and for the same period of 
time, using the whole volume of air instead of a sample. Both sides of 
the respiratory exchanges are therefore followed in identical material 
and without multiplication of experimental errors. The gaseous ex¬ 
changes are determined at the end of an experimental period by means 
of a manometer, which is an integral part of the apparatus, somewhat 
on the plan of BunzelFs oxidase apparatus (4). Since the C 0 3 given off 
by the respiring material accumulates and tends to compensate for the 
oxygen absorbed by if no large changes in pressure occur during any 
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one experimental period. By making the pressure readings the basis 
of direct calculations both of oxygen consumed and of C 0 2 given off the 
multiplication of operations and errors involved in a combination of 
manometric and analytic methods as used by Bonnier and Mangin (2) 
and by Aubert (r) is avoided. A number of different forms of apparatus 
embodying these principles have been constructed and tried, the one 
here described being finally adopted as giving most satisfactory results. 



DESCRIPTION OF THE APPARATUS 

The apparatus (fig. 1) consists of (1) a cylindrical glass tube (A), in 
the form of a bottle, which is closed by a ground glass stopper (B), 
upon which are mounted a short open manometer of 2-mm. bore (C), s 
and an inlet or leveling tube (D) provided with a small chamber (E) for 
the reception of the caustic which is to be used for the absorption of 
the C 0 2 ; and (2) a one-piece porcelain container (F) for the seeds. 


s The bore of the manometers should be at least 2 mm. and may be 2.5, or*a mm. If the bore is less 
than 3 mm., the mercury does nor move freely enough to insure accurate work. 
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Tills seed container is In the form of an inverted crucible with a plate 
perforated with about 40 tides 1 mm. in diameter (G) inserted 5 mm. 
above the open base, and a ring at the top (H) by which, with the use 
of a bent needle or other suitable hook, to raise it or lower it in the tube 
(A). In one side of this inverted crucible is an opening (I)^reaching 
from its top to 5 mm. above tflie perforated plate (G) and covering about 
120 angular degrees. 



The seed container rests upon nibs (K) pushed into the sides of the 
tube (A). The tall, slightly flaring top (L) of this tube provides for 
reinforcing the ground glass joint by a mercury seal 

We have used this apparatus in three sizes of about 20-cc., 40-ec., and 
So-cc. capacity. The tube diameter of all three sizes is 3 cm., so that 
one size of seed container can be used for all. This simplifies their 
manufacture and makes them less expensive. With the smallest size, 
however, the nibs, which supportrthe seed container in the other sizes, 
are replaced by a very low glass tripod, and the ring at the top of the 
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seed container has to be omitted. These small apparatuses are so short 
that the seed containers can be handled by inserting an appropriate 
hook into the cut-out which receives the seeds, whereas in the larger 
apparatuses the ring at the top is necessary. 

The respiration apparatuses by themselves &re hard to handle, so the 
carrier shown in median section in figure 2 was devised for use with any 
number up to eight at one time. Into threaded holes bored through a 
circular cast aluminum base (A) % inch thick and 9 inches in diameter 
are screwed nine posts, which consist of pieces of X-inch, heavy-walled 
brass tubing (B, BO* The tall central post (B) with the T connection 
serves as a handle, while to the other eight posts, covered with ^-inch 
thick-walled webb rubber tubing, the eight respiration apparatuses are 
bound with heavy rubber bands. A number of thicknesses of old rubber 
matting (C, CO appropriately placed, and all but the bottom one fur¬ 
nished with eight holes a little larger than the combined sizes of one of 
the brass posts and a respiration apparatus, hold the respirometers up¬ 
right and protect them from the breakage which might be caused by 
bumping on metal. 

The upper diaphragm of rubber matting (C 7 ) is stiffened by an under¬ 
lying diaphragm of sheet aluminum or other appropriate material (C") 
and is held at the proper height by short pieces of rubber tubing (D, DO 
on the brass posts. The holes in the bottom of the aluminum base are 
partially closed with small pure gum rubber tubing (E, E) and any one 
of the eight short hollow posts then serves for the reception of the ther¬ 
mometer (F) . In case of fluctuations of temperature, this thermometer 
should not be depended upon to register the temperature of the water 
outside of the tubular post in which it is inserted. 

OPERATION OF THE APPARATUS 

The respiration tubes (fig. 1, A) having been provided with heavy 
rubber bands, the seed containers with their load of imbibed and sterilized 
seeds are lowered into place, and the contents of the apparatuses are 
rapidly aerated by drawing through each a strong current of air. The 
vasalined ground glass stoppers with the stopcocks opened and the 
caustic chambers unstoppered are rapidly put in place, forcing each down 
as far as it will go with a gentle twisting motion and placing them so that 
the bent delivery tubes (fig. 1, M) from the caustic chambers will deliver 
onto the closed side of the seed containers. As soon as its top is in place, 
each apparatus is bound to its post. The whole battery is now sub¬ 
merged in the water bath, so that the water covers the tops of the res¬ 
piration tubes, and the mercury is poured into these tops. As soon as 
the whole battery has come to the temperature of the water bath, which 
may be hastened by gently raising and lowering it, the stopcocks in the 
leveling tubes are closed, care being taken to see that the respirometers 
stand vertically and that the mercury is at the same level in the two arms 
of each manometer, the caustic chambers are stoppered, and the baro¬ 
metric pressure of the room is recorded. 

After an appropriate length of time, which will usually be not less than 
24 hours, from 1 to 3 cc. as required of 20 per cent sodium hydroxid 
(NaOH) is measured into each caustic chamber, leaving the stoppers 
out; the manometers are gently tapped to see that the mercury moves 
freely to its proper level; manometer readings are taken by holding a 
scale behind the manometer; the caustic is cautiously admitted into the 
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respiration tubes; a short interval, during which the barometer may be 
read, is allowed for complete absorption; and the manometers are again 
gently tapped and read. 

From the manometer and barometer readings, the temperature used 
in the experiment, and the net volumes of the apparatuses, 4 * 6 * 8 corrected 
for the volumes of the respiring material and of the caustic which was 
admitted, and for the changed positions of the mercury in the ma¬ 
nometers/ the three significant volumes of air under standard conditions 
(o° C. at 760-mm. pressure) can be computed. From these three volumes 
the volume of oxygen absorbed, the volume of C 0 2 given off, and the res¬ 
piratory quotient are easily derived. 

If extreme accuracy is desired, C 0 2 -free air may be introduced at the 
beginning G and further corrections may be introduced for the fact 
that the period for C0 2 production, from the putting of the apparatuses 
together to the making of the second manometer reading, is slightly 
longer than that for oxygen consumption, from the closing of the stop¬ 
cocks to the time of the second manometer reading, and for the further 
fact that the volume determined for C 0 2 respired includes also oxygen 
absorbed during the very short interval between making the first and 
second manometer readings. 

Since the volume of oxygen absorbed is usually greater than that of 
C 0 3 given off, the reduction of pressure thus brought about in the 
respirometer starts the flow of caustic when the stopcock is opened, and 
the absorption of C 0 2 also aids in the introduction of the caustic. It is 
sometimes necessary, however, to force the last of the caustic down by 
gently blowing into the caustic chamber through a rubber tube slipped 
over its top. 

The caustic, running down the side of the respirometer its entire length 
and over the top of the seed container, insures rapid absorption of the 
C 0 2 . Meantime, the roof of the seed container and the edge which pro¬ 
trudes below its perforated plate protects the seeds completely from 
contact with the caustic. 

After a complete determination the battery of respirometers is removed 
from the water bath, stopcocks are opened, the mercury seals are removed 
by suction into a suction flask used as a trap, and the apparatuses are 
taken apart, emptied, and washed with a dilute acid and then with water. 
The seed containers may be washed by pouring acid over them without 
disturbing the seeds, and then both seeds and containers may be further 
washed under a stream of water by inserting them into Gooch crucibles 
in such a manner that the open sides of the containers are closed against 
the sides of the crucibles and the loss of seeds thus prevented. 

The containers and seeds are now ready to be returned to the cleaned 
respirometers for another period of respiration. 


4 The net air capacity of each apparatus with the seed container in place is determined from the weight 

of the water it takes to fill it and is corrected for each experiment by subtracting the volumes of the 
respiring material. 

6 the bore of the manometer tube is just 2 min., a change of 3.185 mm. in the height of the mercury on 

the side toward the respiration chamber—that is, a difference of 6.37 mm. in the height of the mercury in 
the two arms of the manometer—corresponds to a change of 0.01 c. c. in the imcorrected volume of the air 
in the apparatus, 

8 The CO2 in normal air would make a difference of only 0.2 mm, on the manometer, which is not much 
above the limit of error in adjustment and reading, and would, under the method adopted, affect the values 
for oxygen consumption and CO2 production alike. It is believed that leaving a vessel of strong caustic 
solution exposed to the air for a few hours near where the apparatus is to he set up, and then aerating the 
apparatus and respiring material with air drawn from the open room over this caustic solution, reduces 
the error from atmospheric CO2 well below the lowest possible limits of error. This is the procedure 
adopted in the work reported in the following article. 
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These respirometers are adapted for use with small material which 
does not have to be studied under aquatic conditions, provided it is not 
markedly sensitive to reduction in the partial pressure of oxygen or to 
increase in that of C 0 2 . Some seeds, however, are so small as to pass 
through the i-mm. holes of the seed container. For use with such 
material, the perforations can be partially closed with paraffine. The 
change in the total pressure of all gases is always small. The manipu¬ 
lations and observations can be performed rapidly and the admittedly 
somewhat tedious computations may be delayed to suit one’s convenience. 

The apparatuses could probably be adapted for use with aquatic 
organisms, at least in certain cases, by substituting an appropriate 
container for the perforated seed container/ They are probably not 
sufficiently sensitive for use in such work, as, for instance, that of Lund 
(15) with Paramecia, where the total differences in C0 2 production to 
be measured are sometimes such as would correspond to less than i-cm. 
change in pressure as registered on the manometer of the smallest of the 
apparatuses here described, or about ten time the possible experimental 
error. In sensitiveness and therefore in the character of work for which 
they are adapted, they are intermediate between the apparatuses used 
for large objects and those of the micro type. 

Plate 1 is a photograph of the carrier with two respirometers and a 
thermometer in place. To facilitate the reading of the manometers, 
which will almost invariably show some reduction in pressure, the res- 
pirometers were so constructed that their manometers are turned to the 
left when the stopcocks in the caustic chambers face outward or away 
from the tall central post. 

The usefulness of the apparatus, as here described, can be greatly 
extended by attaching to the bottom of the respiration tube a side arm 
with stopcock for use in the introduction of artificial atmospheres. For 
work with artificial atmospheres it is desirable also to omit the short 
delivery tube (fig. 1, M) below the caustic chamber in order to facilitate the 
complete sweeping out of the original atmosphere. We have a few of 
the apparatuses in this modified form and have used them with good 
results, although they embody also some of the less desirable features of 
our earlier attempts. 

The apparatus obviously can not be used except at approximately 
atmospheric pressure, though the proportions and nature of the gases 
present can be altered. For the study of respiration at greatly reduced 
or increased total pressures other forms of apparatus must be used. It 
will always be true, however, that the great bulk of the work on respi¬ 
ration will be done at atmospheric pressure. 

FORMULAE FOR CALCULATION OF THE RESULTS OF RESPIRATION 

EXPERIMENTS 


The following formulae can conveniently be used: 

1. For the reduction of volumes to o° C. and 760-mm. mercury 
pressure. 


w voi. ;»-voi. :x( 7 jg 73 p + j ). 

,, , / °-3592 P \ 

L ’H 273 + t) 


= Vol. 


in which t and P represent the temperature of the bath in degrees centi¬ 
grade and the pressure of the gas in millimeters of mercury. The 



no 


Journal of Agricultural Research 


Vol. XXIII, No. 2 


expression represents a factor F which is constant for any given 

temperature. Substituting F in (i) gives: 

(2) Vol. ; 60 =Vol. J,XFXP» 


Values for F for different temperatures have been determined and 
are given here for convenience in calculations. 

Fforo 0 C. = 0.001316 
for 5 0 €. = 0.001292 
for io° C. = 0.001269 
for 15 0 €. = 0,001247 
for 20 0 €. = 0.001226 
for 25 0 €. = 0.001205 
for 30° €. = 0.001185 
for 35 0 C. = o.ooi 166 


Values for F for intermediate temperatures can be derived with suffici¬ 
ent accuracy by interpolation in the series given. 

2. For changing from gas volumes to milligrams per gram dry weight 
per 24 hours. 

Let a =number of cubic centimeters at o° C. 760 mm. 

6 = weight in milligrams of 1 cubic centimeter at o° C. 760 mm. 
c=dry weight in milligrams of respiring material 
h = respiration period in hours. 


( 3 ) 


/24 a h\ /i,ooo\ 

VJT) {—) 


=#=milligrams per gram dry weight in 24 hours. 


For oxygen, 6 = 1.4289; for C 0 3 , 6 = 1.9768. 


By substitution of these values and the use of Y in place of one X s 
equation (3) becomes; 


(4a) X = 


24 X 1.4289 X 1,000 a 
ch 


34193-6 « fQr 

c h 


oxygen. 


m Y — — Xj -9768 X x ,000 o _ 47443 . 2 a 
^ y ch ch 2 

3. For calculating temperature coefficients. Either of the formulae 
given by Kanltz (12) and reported by Denny may be used. Kanitz's 
/r \ ua_ 

second formula is g 10 = {jrJ*"* 1 in which K 2 represents the rate of any 

reaction at temperature t 2 and K 1 represents the rate of the same reac¬ 
tion at temperature t r The easiest form in which to use this equation 
in logarithmic solutions is 

(5) Log 010 = (Log K 2 -Log K t ) (jAy 

With the simplified equations (2), (4a), (4b), and (5) all of the com¬ 
putations can be easily performed. 

RECORDING DATA AND CALCULATING RESULTS 

Before beginning a respiration experiment the following data must 
be determined or provision made for its determination: 

1. The volume of air in each apparatus without the respiring material 
(to g.i cc.). 
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2. Volume of the respiring material (to 0.1 cc.). 

3. Net volume of air in the apparatus (1 — 2). 

4. Weight of the respiring material (to 1 mgm.). 

5. Percentage dry weight of the respiring material (this to be deter¬ 
mined in material duplicating that which is used in the respiration 
experiment). 

6. Dry weight of the respiring material from (5) (to 1 mgm.). 

All necessary data must be carefully recorded at the beginning and 
end of each period of a respiration experiment. It is convenient to 
keep the data for each period in compact form on a 3 by 5 inch card 
or on a separate sheet of a 3 by 5 inch loose-leaf note book. The fol¬ 
lowing form is suggested: 


Exp. begun.. 

No. of period (1, 2, 3, etc.) 

Stoppers inserted. 

Stopcocks closed ... 

Barometer. 

Manometers read. 

Caustic used. 

Barometer. 

Manometer readings: 1 ... 
Before adding caustic 

After adding caustic. 

Remarks: .. 


; Material. 

.; Temp 


at . 

. °C.; == .. 


.. at o°C. 

at . 

...; Temp . 

. °c. — .. 

.; 3. 

, 4 .. 

.. at o°C. 


The absolute net volume of an apparatus uncorrected for pressure or 
temperature is a base from which all other volumes are calculated, is 
uniform through any one set of calculations,, and therefore need not be 
determined closer than to tenths of a cubic centimeter. On the contrary, 
the changes in volume of the gas it contains, corrected to standard con¬ 
ditions, are the actual data for respiratory exchanges. Inaccuracies ap¬ 
proaching o. 1 cc. in determining these volume changes would sometimes 
seriously affect the results of an experiment. All volume computations 
should therefore be carried to hundredths of a cubic centimeter. For 
the same reason corrections of apparent volume for the changed posi¬ 
tions of the mercury in the manometers should always be made. These 
corrections will frequently amount to more than 0.1 cc. The caustic 
solution used should be measured with all possible accuracy and should 
not be stronger than'20 per cent on account of the impossibility of ac¬ 
curate measurement of a stronger, more viscous solution. As indicated 
on a' previous page, corrections may also be introduced for the short 
periods of time between the diffeieni operations. 

Table I illustrates the calculation of gas volumes and units of respiratory 
exchanges (milligrams oxygen and C 0 2 per gram dry weight of the 
respiring material in 24 hours) from data recorded at the beginning of 
an experiment and at the beginning and end of one experimental period. 
The data are taken from the first period of a respiration experiment with 
duplicate lots of 50 Newtown Pippin apple seeds in a very early stage of 
germination. The symbols in the left-hand margin of the table are used 
for convenient reference in later parts of the table to the quantities to 
which these symbols refer. The formulae, with their numbers, are 
taken from the preceding section. In practice the form in which these 
calculations are given can be considerably shortened. 
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TabbB i .—Calculation of gas volumes and units (■milligrams per gram dry weight in 24 
hours) of respiratory exchange 


Symbol. 

Data. 

No. 1. 

No. 2. 


Volume of empty apparatus. 

Volume of imbibed seeds.. 

42.1 cc. 

44.0 CC. 


3 • 4 

| 3-4 

V . 

Volume of air in the apparatus. 

3S.7CC. 

40.6 CC, 


Weight of the imbibed seeds. 

. 3,052 rngm. 

j 3,112 rngm. 

| 53 


Percentage of dry weight of the imbibed 
seeds. 

53 

C . 

Drv weight of the seeds (calculated). 

, 1,618 rngm. 

1,649 

K . 

lu . 

A. 

h 2 ,Pn . 

Stoppers inserted 12.30 p. m., Mav 27. 

Stopcocks closed 12.45 p. m., May 27. 

Temperature 19.o° C. 

Atmospheric pressure 762.2 mm. at 22.5°C. 

=759.3 mm. at o° C. 

Manometer readings 10.00 a. m« May 29. 

4 - 1 .S 

+1.3 

Vo . 

Caustic solution added. 

1.0 cc. 

1.0 cc. 

^45 P 3.. . . . . 

Manometer readings 10.15 a. m. May 29. 

-23.5 

“23.5 

P* . 

Formula (2). ... 

Vol .1. 

Temperature 19.o° C. 

Atmospheric pressure 768.2 mm.at 24 0 C 
=765.0 mm. at o° C. 

Vol. “760= Vol. iF.P . 

P 

F =0.001247—4/5 (0.001247 — 0.001226)= 

0.001230 ... 

0.001230 V1P1 . 

36.14 cc. 

1 

37.92 cc. 

Vol.2. 

,ooi 23 o f i + 0 ,°V 2 (A+-P 2 ). 

6.37 

36.50 cc. 

38.27 CC. 

Vol. 3. 

.001230 l'- 1 -F 2 +° 6 °^(P,+F 3 ). 

34-35 cc - 

36.08 cc. 

V 0 l .4 . 

Approximate volume oxygen=Vol. i — 
Vol.3. 

1 . 79 cc. 

1.84 cc, 

Vol. S . 

Approximate volume C 0 2 =Vol . 2 — Vol . 3 . 

2.15 cc. 

2.19 cc. 

k . 

Length of period = h A -^=45.75 hours. 



Vol.6 . 

Period for oxygen=£, r A 2 =45.50hours. 
Period for oxygen included with C 0 2 . 

= h A ~h 2 =0.25 hours . 
True volume 0xy gen=Vol .4-j-^ ‘ 75 ““.45 - 5 ° 
Vol. 4 . 

1.80 cc. 

1.85 cc. 

Vol.7 .. 

True volume CO2 = Vol . 5 —— Vol 4 

2 . 14 CC, 

2.18 cc. 


45 - 5 ° 

Respiratory quotient . 

1.19 

x.18 

Formula (4a) ... 

y 34293-6a; a=Vol.6. 

I.80 

1.85 

c h Bry we ight of see ds., 

I,6l8 

1.649 


*= 45-75 

X=mgm. oxygen consumed per gm. dry 
weight in 24 hours. 

•83 

.84 

Formula (4b)... 

y 47443 -2a; a = Vol.7. 

2.14 

2.18 

ch c=Dry weight seeds. 

I,6l8 

1,649 


*=45-75 

V=mgm._C0 2 produced per gm. dry 
weight in 24 hours. 

i *37 

1.36 
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Table II shows the calculation of temperature coefficients from an 
experiment with single lots of dormant York Imperial and Newtown 
Pippin apple seeds in successive periods at 13 0 and 30° C. 

Table IX. —Calculations of temperature coefficients from data for successive periods at 

13 0 and 30° C. 


1 

Ycrlc 

Imperial. 

Newtown 

Pippin, 

Formula (5) I 

Log Sw=(Log K 3 -Log Kd (~£) 

K 2 for oxygen consumption (units). 

1.25 

.65 

.09691 

9.81291 

i *35 

.62 

*i 3°33 

9.79239 

Ky for oxvgeti consnmptinn (units). 

Log k* . 

Lop 1 .*..... 

Difference. 

.28400 

9-45332 

9-76953 

*33794 

9.52884 

9 * 7^955 

Log difference...... 

^(17).: 

Lost Dot 0 m). 

9.22287 

.16706 

i *47 

i *47 

•59 

.16732 

9-770S5 

9.29839 

.19S79 

1.58 

I - 5 I 

•59 

.I7898 

9.770S5 

Loo* 0 m\. ... 

0 iq for oxygen consumption... 

K 2 for CCL production (units)... 

Ki for C 0 2 production (units).. 

Log k 2 . 

Log hi ..... 

Difference... 

•39647 

9.59821 

9-76955 

.40813 

9.61080 

9*76955 

Log difference. 

Log ( -VL-\ =Lo ? (—). 

^ § Vi 7 / 

Lot (Lot ( 9 m).! 

9.36776 

.23322 

1.71 

! 

9-38035 
.24008 
i i *74 


■*^5 .. 

Qiq for C0 2 production..... 
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Photograph of the carrier shown in figure 2, with two large respirometers and a 
thermometer in place. 
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RESPIRATION OF APPLE SEEDS 1 

By George T. Harrington 

Formerly Scientific Assistant, Seed-Testing Laboratories, Bureau of Plant Industry 3 
United States Department of Agriculture 


This study was made, using the manometrie respiration apparatuses 
' and following in detail the procedure described in the previous article (u) 

■ on a new and efficient respirometer for use with seeds and other small 
^objects. 

: The size of apparatus used in each case was determined by the number 

and relative activity of the seeds to be studied. The results have been 
computed in terms of milligrams of oxygen consumed and milligrams of 
CQ 2 given off per gram dry weight of the respiring seeds in 24 hours. 
The temperature coefficients have been computed for both processes for 
each temperature interval used, whenever the seeds used were in suffi¬ 
ciently stable condition to make it desirable to do so. 

First experiment. —Newtown Pippin seeds from fruit stored at o° C. 
until May 7. Seeds removed in the next few days and incubated on 
moist blotters at about 5 0 to io° C. Experiment begun May 20 with six 
parallel lots of seed at temperature of 19 0 ; 25 or 50 seeds per lot at be¬ 
ginning of experiment. (Table I.) 


Table I .—Respiration of Newtown pippin seeds at ig° C. 


Period 
of res¬ 
pira¬ 
tion. 


Num¬ 
ber of 
lots. 


Hours. 


ism 


6 


Intact, 


Condition of seeds. 


43 


2 

4 


Intact; 26 per cent germinating at end of 

period.. 

Outer coats removed; 67 per cent germinat¬ 
ing at end of period. 


■ 21 


1 Intact; many germinating at tend of period. 

1 Intact; germinated at beginning of period.. 

2 .Outer coats removed; all germinating at 

end of period.... 


1 Outer coats removed; germinated at be¬ 
ginning of period. 


Gaseous exchanges 
(mgm. per gm., dry 
weight) per day. 

Oxygen 

con¬ 

sumed. 

CO2 pro¬ 
duced. 

I.09 

1.3° 

•83 

I ,OI 

/? 2 *35 

t&3.28 

•97 

3‘42 

a 2 .73 
&3.SI 
1.26 
3*97 

f a 2.97 
l 6 4-14 

! a 3**5 
k 4-39 

f a 7-48 
P10.43 

a 6.83 . 
6 9-53 


CO2/O2 

(volume) 


0.86 

.87 


84 

94 

84 


77 


66 


a Based on dry weight of intact seeds. 

Based on dry weight of seeds with outer coats removed. 

1 Accepted for publication July ' a, 1921. 
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The results after the first period show the effects upon respiration of 
removing the outer coats 2 and of germination. When the outer coats 
were removed, the results were computed on the basis of calculated dry 
weight after removal of these coats as well as on the basis of the dry 
weight of the intact seeds. Some seeds were discarded during the experi¬ 
ment on account of advancing germination or to leave a convenient num¬ 
ber in a given condition for use in a given apparatus. 

The respiratory quotient was always less than unity* as should be 
expected when the material being respired is fatty or oily, and therefore 
poor in oxygen, as is the case with apple seed. 

Removing the outer coats approximately doubled or trebled the respi¬ 
ratory intensity without altering the respiratory quotient until germi¬ 
nation had well begun. Connected with this increased respiration of the 
seeds was an acceleration of germination * though these seeds were suffi¬ 
ciently after-ripened so that the majority of them germinated in four 
days even in intact condition. 

As germination advanced, the respiratory intensity rapidly increased, 
and in seeds freed from their outer coats the respiratory quotient became 
lower in value. (See last two entries in last column of Table I.) In 
intact seeds at a later stage of germination there is a similar decrease in 
the value of the respiratory quotient, not shown here but illustrated in 
other experiments. 

Godlewski (p), 3 Bonnier and Mangin (4), Gerber (<$), and Xvanoff (15), 
have reported low values for the respiratory quotient of germinating 
oily seeds, or young seedlings. 

According to Godlewski, die respiratory quotient of fatty seeds during 
swelling is a little less than 1.0, but the value of the quotient falls as soon 
as the roots appear and is maintained about constant at from 0.55 to 0.65 
during the period of greatest respiratory intensity, after which it rises 
to about 1.0. His value for the period of greatest intensity is slightly 
lower than the lowest shown in Table I. According to this author, and 
to Gerber, the respiratory quotient of germanating starchy seeds. is 
constantly about unity during the entire period of germination. 

Bonnier and Mangin, however, found that with both oily and starchy 
seeds during germination the respiratory quotient is at first near unity, 
falls gradually to a minimum variable with the species, and then rises 
again to its initial value. In this connection, it should be borne in mind 
that even starchy seeds contain more or less oil. In endospermous, 
starchy seeds, this oil is usually concentrated in the embryo. If, as 
would be expected, this oil is drawn upon very early during germination, 
the large use of oxygen in its conversion into sugars would give a tem¬ 
porarily low value to the respiratory quotient of such seeds, exactly as 
these authors point out in regard to oily seeds. They conclude that, if 
there are characteristic differences in the respiratory activity of the two 
classes of seeds, these differences consist only in the minimum value of 
the respiratory quotient, and not in the fact or direction of its variation 


* The coverings of the mature apple seed consist of: (i) a thick brown, fibrous outer coat,with open 
micropyle; (2) a thin, translucent inner coat of very dense structure and without openings, suggesting semi- 
permeable characters; and (3) a delicate, whitish, cellular tissue, somewhat thicker than the inner coat, and 
evidently endospermous. payer 3 is closely adherent to layer 2, and it is impossible to remove the two 
separately, though the embryo is easily bared by removing the two together. The outer coats constituted 
about 33 per cent, the inner coats and endosperm about xx per cent, and the embryos about 56 per cent of the 
wet weight of the seeds. The dry weights of different parts were about 15 per cent, 5 per cent, and 33 per 
cent of the original wet weight of the whole seeds. 

Reference is made by number (italic) to “ Literature cited," p. 129 - 130 . 
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Gerber gives a minimum value of about 0.30 for the respiratory quo¬ 
tient of germinating oily seeds, while Ivanoff reports values as low as 
0.13. Gerber argues from his results that if the particular fats stored in 
any given seed are easily oxidized (flax) the respiratory quotient will be 
near that for complete oxidation (0.70), while if they are difficultly oxidiz- 
able (Ricinus) the quotient will be nearer that for simple conversion of 
the fat to sugars and therefore relatively low. 

Table I also shows a tendency for the value of the respiratory quotient 
to rise temporarily in the initial stages of germination of intact apple 
seeds. Gerber (8) points out a similar condition when the radicles are 
unable to break the coats, and assumes, without proper evidence, that 
his occasional high values of the respiratory quotient (slightly greater 
than 1.0) in such cases are due to the transformation of sugars into 
alcohol in the “imprisoned and fatigued” cells. The same result would 
be obtained by the splitting up of the carboxyl groups of organic acids— 
a reaction, which, like the formation of alcohol, might result from a 
deficiency of oxygen in the respiring tissue. This oxygen deficiency, in 
turn, might occur as a result of the limiting effects of coat structures rela- 
lively impermeable to oxygen. But it is also true that a rise in the 
respiratory quotient until it becomes nearly equal to 1 might result from 
the oxidation of previously accumulated sugars more rapidly than the 
fats are broken down, without any reference to oxygen deficiency. 
Irwin (12) also calls attention to the theoretical possibility of obtaining 
a high production of C0 2 as a result of the splitting of carbonates and 
bicarbonates in the respiring tissues by accumulating organic acids. 
Since free oxygen would ordinarily be consumed in the formation of the 
organic acids, this oxygen consumption would tend to balance the C 0 2 
produced by such a breaking up the carbonates and to hold the respira¬ 
tory quotient at about its previous value. In Irwin’s work the increased 
production of C 0 2 by Salvia petals as a result of etherization was accom¬ 
panied by decreased acidity, and a simultaneous increase in oxygen 
consumption indicated that the increased C0 2 production resulted from 
true respiratory exchanges. It is regrettable that Irwin’s apparatus (the 
Haas-Osterhout indicator apparatus (19) and technic did not involve the 
simultaneous determination of oxygen consumption and C0 3 production 
so that the respiratory quotient could be determined and closer deduc¬ 
tion could be drawn as to the probable origin of the increased output of 
C 0 2 . In the absence of such data, it is natural to suppose that reduction 
in acidity at the same time that C0 3 production was increased would 
involve an oxidation of organic acids and an increase in the respiratory 
quotient. 

Second experiment. —Seeds from a cider press mash, not germinated 
after incubation as follows: 

Lot A, 50 days at 20° C. in intact condition, then 68 days at 20° with 
outer coats removed. 4 

Lot B, 50 days at 30° C. in intact condition, then 68 days at 20 to 30°, 
daily alternation, with outer coats removed. 4 

Lot C, 50 days at 20° C. in intact condition, then 68 days in an ice 
box at about 5 0 to io°, with outer coats removed. 4 

The experiment was begun May 27, 1919, 25 seeds in each lot. 

All the seeds in lot C germinated within the first two periods of two 
days each at 19 0 C. During the first period the volume of gaseous ex- 


4 See footnote 2 on page 118. 



120 


Vol. XXIII. No. a 


Journal of Agricultural Research 


changes was about twice and during tire second period about four times 
that for lots A and B, which remained dormant. The respiratory quo¬ 
tients for the two periods were o.8r and 0.75—a little higher than for lots 
A and B. 

Table II shows the respiratory activity of lots A and B at different 
temperatures during a period of two months. During this time 12 per 
cent of the seeds germinated and were discarded, while a few others were 
discarded on account of injury. All results were calculated on the basis 
of the dry weight of the material actually present in the apparatus 
whether this included the inner coats or these had been removed. 

Both the respiratory intensity and the respiratory quotient rose and 
fell as the temperature of the experiment was raised and lowered. For 
each temperature, there was a fairly definite respiratory quotient which 
was reestablished each time the seeds were brought back to that tempera¬ 
ture from another temperature, either higher or lower. 


Tabus II .—Respiration of dormant cider press apple seeds with outer coats removed 


i 


Gaseous exchanges (miiUgrams per gram dry 
weight per day). 

CO2/O2 (volume) 

{ 

j Period 

Temper- 

ature. 

Oxygen consumed. 

CO2 produced. 



! 

J 


A 1 

B 3 

A 1 

B 2 

A 1 

B 2 

Hours 

45 

46 
46 
21 

46 
45 
43 
45 

47 

25 

48 
4 S 

11S 

JI 5 
121 
118 
194 
140 ' 

49 

°C 

19 

19 

19 

3 ° 

30 

30 

19 

19 

19 

30 

3 ° 

*9 

19 

10 

10 

10 

0 

*3 ! 
30 

I. 02 

1. OO 

33 

2. 97 

3. 20 
4.23 
2. 86 
2. So 
2.77 

5 - 59 
4.40 
3*25 
3 * 3 i 

1. 60 
1. 64 
*• 55 
• 43 

1. 81 

4. 47 

*• 35 
1. 61 

1. 61 

2. 94 
2. 56 
2. 93 
2. 83 

2 * 53 
i -39 

2* 05 

1* 95 

1. 81 

1. 28 
.98 

1. 06 
*97 

-33 

1. 07 
3 * 3 ° 

0. 98 

*99 

1. 36 
3*23 
3 * 39 
4 . 73 

2. 61 
2. 57 

2. 48 
5 * 67 
4 - 70 

3. 00 
3.12 

*•37 
1. 40 

**35 
. 12 
1. 72 
4 - 9 X 

I. 19 
I. 63 

1. 52 
3 - 07 
2.44 

3 * °3 

2. 64 
2. 24 
1.25 
1* 74 

1. 85 

1. 69 

1. 16 

. 76 
.86 

• 77 
. 21 

*95 

3- 2 7 

c. 69 

* 72 

• 74 

• 79 
*77 
. 81 
.67 
. 66 
.65 

* 73 
•77 
.67 
.68 
. 62 
. 62 

*^3 
. 21 
.69 
•79 

O. 64 

*73 

.69 

•75 

.69 

•75 

.67 

.64 

.65 

. 61 i 
.68 
.67 
.65 
*56 
* 59 ; 
*53 j 
,40 | 

,64 j 
.72 | 

1 

INNER 

COATS 

REMOVED. 3 INCIPIENT GERMINATIONS BY END OF PERIOD j 

I 

20 

1 

30 

19- 45 

16.74 

22. 91 

17. 87 

• 85 

■« 1 

ALL GERMINATING BY END OF PERIOD | 

43 

19 

IO. 00 j 

1 

8. 86 

10.30 

9. 61 

. 74 

* 7 8 


1 Lot A was previously incubated under germination conditions at 20° C, 50 days in intact condition, 

then 68 days with outer coats removed. ® 

3 Lot B was previously incubated under germination conditions, 50 days at 30® C in intact condition, 
then 68 days t 20 to o° C with outer coats removed- 
3 See footnote a on page 1x8. 
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Lot B showed a generally lower respiratory intensity, lower respiratory 
quotients, and a smaller change in respiratory quotient resulting from 
. given change in temperature than did lot A. All of these differences 
' "seem to indicate that lot B was in a state of deeper dormancy than lot A. 

This .condition probably reflects a greater impoverishment of lot B in 
the materials used in respiration as a result of previous incubation at a 
higher temperature. Both the greater intensity of respiration and the 
higher respiratory quotient at the higher temperature would work in 
this direction. 

This conception of the relation of dormancy to respiratory exchanges fol¬ 
lows closely the observations of Lund and others. Lund ( 16 ) lias shown 
a great reduction in respiratory intensity of Paramecia as a result of partial 
starvation, or, in other words, impoverishment in respirable materials. 
The character of his material would naturally lead one to expect a milch 
greater reduction in respiratory intensity on account of such impoverish¬ 
ment than would occur in dormant seeds, whose respiration is already on 
a rather low plane. In a later paper (17) the same author has shown 
that loss of irritability by Planaria under anaerobic conditions is much 
mdre closely associated with decreased C 0 3 production than with absence 
of consumption of free oxygen. In the seeds of lot B, a decrease in CO s 
production relative to oxygen consumption under aerobic conditions 
seems likewise to correspond to a state of greater quiescence or deeper 
dormancy. 

Lot A increased in intensity of respiration at a given temperature, 
perhaps as a result of the temperature changes. Lot B, which had 
previously been given a regular daily alternation of temperatures, showed 
a greater intensity of respiration than lot A during the first few periods 
of the experiment, increased temporarily, and then fell to the original 
intensity. The effect of alternating temperatures upon the respiration 
of dormant seeds is, however, unknown, and may bear no relation to 
the differences here' noted. 

Ziegenbein (23), working with germinated seeds, decided that sudden 
changes of temperature cause no modification of respiratory intensity 
at either extreme of the alternation. On the other hand Palladine (no), 
using similar material which had been previously cultivated on sugar 
solutions at different temperatures, concluded that passing from a high 
temperature (56° C) or from a low temperature (7 0 ) to a medium tem¬ 
perature (1S 0 to 20 0 ) stimulates the respiration of plants. Blanc (5) 
objected to Palladine’s technic and, in a very careful piece of work 
upheld Ziegenbein’s view. Blanc concluded that for each temperature 
there is a definite respiratory intensity, and the transition from the 
respiratory activity corresponding to a given temperature to that cor¬ 
responding to a different temperature is made gradually allowing for all 
■respiratory activities intermediate between those of the extreme tem¬ 
peratures. 

While Blanc's results seem conclusive for the material he worked 
with, neither he nor the previous workers used material which was in a 
dormant condition. In view of the known effect of temperature alterna¬ 
tions upon the germination of many kinds of seeds it seems possible that 
the respiration'of dormant seeds may at least in some cases be affected 
by such alternations in ways quite different from any effect upon actively 
growing material. This point needs investigation. My own results as 
here given, while suggestive, certainly furilish no proof of such effects. 
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The very low respiratory quotient at o° C. is particularly interesting 
because it suggests storage of oxygen at low temperatures as at least one 
cause of the favorable effect of low temperatures upon after-ripening. 
Even at 19 0 , the weight of oxygen taken in was greater than that of C 0 3 
given off, so that unless some of the excess oxygen was split off as water, 
the seeds were actually gaining in dry weight. The obvious suggestion 
here is that oxygen is being used in the transformation of fats to sugars 
or in the formation of organic acids. Sugars and acids have been 
shown by Applemann (j), Atwood (2), Brannon (5), Eckerson (7), and 
Jones ( 14 ) to accumulate during storage of dormant structures at low 
temperatures. Eckerson (7), in fact, showed an increase in acidity of 
haw and apple seeds during incubation at low temperatures, which were 
favorable for after-ripening. I have found that the after-ripening of 
apple seeds takes place also in commercial cold storage when the seeds 
remain within the intact fruit. While perhaps it should not be expected 
in this case that oxygen would be available for storage in the seeds, still 
the volume of the respiratory exchanges of the seeds within the fruit 
must be small and must be governed more or less by the respiratory 
activity of the surrounding pulp, so that the maintenance of a low respir¬ 
atory quotient, with concurrent increase in the acidity of the seeds, may 
not be out of the question even here. 

Possibly also the increase of oxidizing enzyms during after-ripening at 
low temperatures, as shown by Eckerson for apple seeds, and by Crocker 
and Harrington (6), Jones (14), and Rose ( 21 ) for other seeds, and the 
fact that their catalase activity at least is exceedingly high immediately 
after germination, as I have found in work as yet unpublished, and as 
previously reported by Crocker and Harrington (6) and by Jones (14) for 
other seeds, are significantly related to their respiratory exchanges, 
especially to storage of oxygen and low respiratory quotient during after- 
ripening at low temperatures and to intense oxidation with high respira¬ 
tory quotient in the first stages of germination. The correspondence 
between respiratory activity and catalase activity is especially interesting 
in view of previous work by Applemann (r), Crocker and Harrington (6), 
and Kohl (15) which seems to connect this enzym definitely with respira¬ 
tory processes. 

In the last two periods of the experiment, the naked embryos were used. 
Germination began at once, and in less than three days all had germi¬ 
nated. There was the customary tremendous increase in respiratory 
intensity. There was also a slight increase in the respiratory quotients 
above those which were normal for the dormant seeds at the temperatures 
used, indicating that, in this early stage of germination, oxygen-rich sub¬ 
stances were being respired more rapidly than the fats were being broken 
down to their component sugars. During the last period the oxygen in 
the respiration apparatuses, as computed from their known volume, was 
quantitatively used up, and the respiratory quotients were probably 
somewhat higher than they would otherwise have been. 

The temperature coefficients for oxygen consumption and for C 0 2 pro¬ 
duction in consecutive periods of the preceeding experiment are given 
in Table III. 

Table III shows values for Q 10 ranging from scarcely more than 1 to 
nearly 4, with two exceptional higher values for C 0 3 production at low 
temperatures in case of lot A. * The values are greater for lot A than for 
lot B, emphasizing again the difference in response of the two lots to 
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external conditions. They are also greater for C0 2 production than for 
oxygen consumption, greater when changing from 19 0 to 30° C., than when 
the reverse change is made, and greater at low temperatures than at 
higher temperatures. The differences in temperature coefficients, when 
the reciprocal changes 19 0 to 30° and 30° to 19 0 are made, suggest a stim¬ 
ulating effect of the higher temperature, which is not entirely lost upon 
return to the lower temperature. 

Upon removal of the inner coats and the onset of rapid germination, 
with vigorous respiration, the temperature coefficients remained about, 
the same as for the same temperature interval with dormant seeds. 

Table III .—Temperature coefficients (Q iQ ) for the respiration of dormant apple seeds 

with outer coats removed 


Temperature interval. 

Qie for oxygen 
consumption. 

Qi« for CO2 
production. 

°C. 

A 1 i 

B 2 

A 1 

B 2 

19 to 3 0... 

1 

2.08 

i 

i -73 

2.20 

I.90 

30 to 19. 

I *43 

1-03 

I.71 

1.14 

19 to 3°..* 

1.89 

i .43 

2.12 

I *35 

30 to 19. 

1.32 

1.07 

1 - 5 * 

1.09 

19 to 10 ..... 

2.32 

I * 3 S 

2.46 

i *53 

10 to 0 ... 

3-63 

2.53 

11.04 

3.60 

0 to 13. 

3-°3 

2.21 

7.66 

3-15 

13 to 30.... . 

1.70 

I *59 

I.85 

2.07 

30 to 19 naked gemmating embryos. 

1-95 

1.78 

2.07 

1.76 


1 3 vot A was previously incubated under germination conditions at 2o°(X, 50 days in intact condition, then 
68 days with outer coats removed. 

2 Lot B was previously incubated under germination conditions, 5° days at 3o°C. in intact condition, then 
68 days at 20° to 30° with outer coats removed. 

Third experiment. —Newtown Pippin seeds. Fruit stored at o° C. 
to May 7, seeds removed during next few days and incubated under 
germination conditions at 5 0 to io° for 13 to 18 days. Many seeds had 
germinated. Only those not germinated were used for the respiration 
experiment. Fifty seeds in each lot at beginning of experiment. Some 
discarded from time to time on account of advancing germination or to 
keep a convenient number in a given condition for a given apparatus. 
(Table IV.) # 

The principal points to be noted regarding this experiment are: 

1. The respiratory intensity which was about the same at the beginning 
of the experiment as shown in Table I, rose sharply with the onset of germi¬ 
nation, but fell somewhat after germination, with the second period at 
the excessively high temperature of 30° C. 

2. The respiratory quotient was high, as in the previous experiments, 
during incipient germination. The value of the respiratory quotient in 
this case reached 1.2, recalling Gerber’s observations. 6 

3. The respiratory quotient fell in value as respiratory intensity 
increased with advancing germination. The lowest value of the respira¬ 
tory quotient, as well as the figures expressing respiratory intensity during 
the same period, are here almost identical with those for the period of 
greatest respiratory intensity in Table I. 


* See discussion on page 119 
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Tabu; IV. — Respiration of Newtown Pippin seeds from cold-stored fruit . Seeds not 
germinated after incubation at 5 0 to 10° C.for 13 to 18 days 


Period. 

Tem¬ 
per a- 
ture. 

Description of seeds. 

Gaseous exchanges. 
(Mgm. per gm. 
dry weight per 
day.) 

CO5/O2 

(volume). 

Oxygen 

consumed. 

CO2 

produced. 

Hours. 

°C. 







[Several incipient germinations at end of 

0. 95 

1. S8 

1. 20 

45 

19 

| period. 






(Duplicate lots. 

*95 

X. 56 

1. 19 

46 

19 

54 per cent germinating by end of period. 

*97 

I. 28 

*95 



Roots reddish. 






[A. Not germinated; 50 per cent germi- 

1. 49 

I. 70 

.83 

46 

19 

| nating by end of period. 






(B. Germinating at beginning of period. ... 

1. 94 

2. 19 

.81 



[A. Not germinated; 44 per cent germi- 

1. 80 

2. 78 

1. 11 

21 j 

30 

< nating by end of period. 




! 


|B. Germinated at beginning of period; 

11. 15 

10.00 

.65 



slow growth. 






[A. Same seeds as previous period; 52 per 

2. 01 

2. 56 

.92 

46 

30 

j cent germinating by end of period. 






(B. Same seeds as previous period. 

. 6. 13 

5 * 97 

.70 


Fourth experiment. —Newtown Pippins. Cold stored in fruit until 
May 7. Seeds removed and incubated a few days at 5 0 to xo° C., then 
12 days at 25 °. Many germinated at 25°. Respiration experiment 
with those not yet germinated. Twenty-five seeds in each lot at first. 
Some discarded during the experiment on account of germination or to 
leave a convenient number in a given condition, for a given apparatus. 
Experiment begun May 27, 1919. (Table V.) 

The principal points to be noticed in this experiment are : 

i. Respiratory intensity was lower during the first period than in the 
previous experiment with similar seeds previously incubated only in the 
ice box. This difference in resipratory intensity between the seeds used 
in the two experiments is correlated on the one hand with a possilbe 
assumption of a condition of secondary dormancy by the seeds at 25 0 C,, 
and on the other hand with a known increase in metabolic activity during 
the last stages of after-ripening at the lower temperature. To be sure 
the selective effect of germination during the previous incubation would 
leave only the less active seeds to be used in the respiration experiments. 
But this factor could not account for the difference observed. Of the 
seeds originally put to germinate, nearly twice as large a percentage of 
those incubated at 5 0 to io°, had germinated previous to the respira¬ 
tion experiment as was the case with those incubated at 25 °. The 
selection resulting from germination would, therefore, of itself tend 
toward a lower rather than a higher respiratory activity in the seeds used 
in the previous experiment as compared with those used in the present 
experiment. Since the two experiments w r ere begun at the same time, 
and conducted simultaneously throughout, there can be no difference 
due primarily to the mere lapse of time. 
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TabIvE V .—Respiration {of Newtown Pippin seeds, not germinated after cold storage in 
the fruit to May j, incubation at 5 0 to io° C.for a few days and at 2^ for 12 days 


Period. 

| 

Tem¬ 
pera- 1 
ture. 

Condition of seeds. ! 

| Gaseous exchanges, 
(mgm. per gm., 
dry weight, per 
' day.) 

1 

CO2/O1 
: (volume). 

Oxygen j 
consumed.! 

COs pro- ! 
duced. 

Hours . 

0 C 

i 




45 

19 

Dormant.-. 

0. So 

O. 77 ! 

0. 70 



[A. 12 per cent just beginning to germinate j 




46 


< at end of period.! 

■8s 

.S3 ! 

.72 



1B. 24 per cent germinating at end of period; j 





i 

longest root 6 mm. 1 

I. 45 

; 1. 42 i 

•* 7 I 



[A. Not germinated; 16 per cent germi- j 


! 

! , 

46 

i *9 

| nating at end of period. 

J. S2 

1 2.25 

.89 



[B. All germinated at beginning of period; i 





1 

fairly active growth; healthy.1 

i 7 - 54 

S 6.62 ■ 

■ 63 


1 ! 

[A. Not germinated; 10* per cent germinat- 

j 



21 

3 ° ! 

I ing at end of period. 

1. 45 

1*71 

-8S 


i 

(S. Same seeds as B in preceding period; 





: i 

little new growth; roots curled and 





i 1 

reddish. 

Av 4 

11. 3 

| . 61- 


1 ! 

'A. Same seeds as in preceding period; 





3 ° | 

j 15 per cent germinating and 5 per 




4 U 


cent moldy by end of period. 

1.36 

1. 53 

.81 



B. Same seeds as B in preceding period; 





j 

growth slow. 

9* 6 9 

3 . 55 

.64 


Furthermore, contemporaneous germination tests showed that very 
little germination occurred at 25 0 C. after the first 12 days, while at 5 0 
to io°, or a little above, germination continued slowly and was nearly 
complete within the next two weeks. There was therefore a progressive 
change going on in each case, tending to a condition of dormancy at 25 0 , 
and to complete germination at the lower temperature. The impoverish¬ 
ment of the seeds used in this experiment as a result of relatively high 
respiratory intensity during the previous period at 25°, and especially 
the relatively high respiratory quotient no doubt obtaining at that 
temperature on the one hand, and the low respiratory intensity and 
storage of oxygen (low respiratory quotient) characteristic of the lower 
temperature on the other hand, are no doubt related to the comparative 
behavior, both as to respiration and as to germination, when the seeds 
used in the two experiments were brought to the same intermediate 
temperature of 19 0 . 

2. The respiratory intensity increased rapidly with advancing germi¬ 
nation, but fell off during the second period at the excessively high tem¬ 
perature of 30° C. 

3. The respiratory quotient corresponded to complete oxidation of 
the fats (0.70) at the beginning of the experiment, rose very slightly 
during the earliest emergence of radicles and much more during later' 
incipient germinations, and fell markedly in later stages of germination 
in spite of the high temperature (30° C.), which gives a high respiratory 
quotient,in dormant seeds. 

Fifth bxp$rimemt. —A. Seeds remaining in lot A of previous^ experi¬ 
ment of which this experiment is a continuation; B, 25 York Imperial seeds 
not germinated after cold storage in the fruit to February 5,1919, removed 
from fruit February 15, and incubation at 5 0 to io° C., four days, and 
at 25 0 3J/2 months. This half of the ^experiment was begun May 27, 
1919* (Table VI.) 
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Table Vi .—Respiration of Newtown Pippin and York Imperial seeds dormant after 
cold storage in the fruit and incubation at 25 0 C. . 


Period. 


Gaseous exchanges (mgm. per gm. dry weight) 
per day. 

COa/Oa (volume). 

Temper¬ 

ature, 

Oxygen consumed. 

Cos produced. 

A 1 

B® 


A 1 

B 2 

A 1 

B* 

Hours . 

0 c. 









45 

19 



O. 80 

. 


0. 3 x 


©*73 

46 

19 



*93 

.... 


.91 


.71 

46 

19 



•97 

.. .. 


.94 


.71 

21 

30 



1. 56 

.... 


1. 80 


•83 

46 

30 



i* x 9 

., .. 


1. x8 

0. 68 

.72 

45 

30 

1 

36 

1.11 

2 

27 

1.03 

.67 

43 

19 


96 

X. ox 


78 

.78 

*59 

.56 

45 

19 


85 

.90 


91 

.80 

•77 

.64 

47 

19 


81 

.84 


86 

.69 

•77 

*59 

25 

30 

1 

57 

i *33 

X 

59 

1.25 

*73 

, 68 

48 

3 ° 

I 

06 

1. 00 

I 

02 

1. 02 

. 8x 

.74 

48 

29 


93 

*94 


90 

• 78 

.70 

. 60 

118 

19 


59 

•63 


59 

*57 

.72 

.65 

114 

10 


60 

. 61 


5 X 

.49 

. 61 

*57 

121 

10 


62 

.64 


5 * 

• 54 

*59 

.58 

118 

10 


62 

•65 


S 3 

.46 

. 62 

• 50 

194 

0 


28 

*30 


24 

. 16 

•37 

•39 

140 

x 3 


62 

. 6 $ 


59 

*59 

.70 

. 66 

49 

30 

1 

35 

1.25 

X 

5 * 

1*47 

. 81 

.85 





Iall outer coats 

\ 1 

REMOVED 3 



20 

3 «> 

5 * 

22 

4 - 54 

5 * 

05 

4 - 14 

.70 

.66 

INNER 

COATS R 

EMQVBD 8 

1 1 

ALL germinating by end of 

PERIOD 



43 

19 

9 * 

56 

7 * 19 

9. 

53 

6.99 

.72 

: 

.70 


1 Lot A, Newtown Pippin seeds dormant after cold storage in fruit, incubation at s° to io° C for a few day® 
and then 25° for 12 days, and previous respiration experiment at 19 0 and 30° for 9 days. 

3 Lot B, York Imperial seeds dormant after cold storage in fruit, incubation at 5° to 10 0 C. for 4 days and 
at 2 5 0 for 3M months, 

8 See footnote on page 218. 

Table VI gives the data for the respiratory exchanges. None of these 
seeds germinated until the last period of the experiment after removal 
of the inner coats. All results were calculated on the basis of the dry 
weight of the material used in each period, whether this included coat 
structures or not. 

1. The respiratory intensity was generally much lower than that of 
the dormant seeds with outer coats removed, which were used in experi¬ 
ment 2, but on account of the method used of computing the results 
In relation to the material actually used, the differences in relation to 
the actively respiring portions were probably not as large as would, 
appear from a comparison of the two tables. 

During the last long period (118 hours) at 19 0 C. the respiratory 
intensity was so reduced that for the whole period the average intensity 
was about the same as for the subsequent periods at io° and for a later 
period at 13 0 . It is not possible to state the reason for such a fall in 
respiratory intensity during this period. It can not be the direct result 
of greater reduction in oxygen pressure or greater increase in C 0 2 pres¬ 
sure than in previous periods, since the actual amounts of gaseous 
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exchange were scarcely greater during this period than during some 
previous periods at 30° C. 

2. Respiratory quotients were generally about the same as in experi¬ 
ment 2, but rather irregular, especially with lot A in the first few periods 
following the preceding experiment in which many germinated; except 
for these irregularities quotients rose and fell with rise and fall of tem¬ 
perature, and they became very low at o° C.; the respiratory quotients 
were higher for lot A than for lot B, probably for the reason suggested 
in experiment 2 (see page 120). 

3. Removal of the outer coats greatly increased respiratory intensity 
but decreased respiratory quotients as if rendering oxygen more avail¬ 
able. If this is the correct explanation, then it must be that the inner 
coats are readily permeable to oxygen in aqueous solution, and this 
must hold, too, for C 0 2 . Such an assumption would explain the greater 
respiratory intensity of the seeds used in experiment 2, as compared 
with those used in experiment 5, and the sporadic germination of a small 
percentage of the seeds used in experiment 2 during the course of the 
experiment would then appear as probably the result of such increase 
in permeability and consequent increase in respiratory intensity. With 
prolonged exposure of the inner coats to the air, as in the case of ex¬ 
periment 2, they become somewhat brownish and perhaps less permeable. 

4. With removal of the inner coats, the seeds all germinated with 
greatly increased respiratory intensity and little change in respiratory 
quotients. The air in the apparatuses at the end of this period con¬ 
tained about 1 per cent oxygen. 

Table VII gives the temperature coefficients for oxygen consumption 
and C 0 2 production for consecutive periods with all temperature inter¬ 
vals used in experiment 5. 


Table VII. —Temperature coefficients for respiration of dormant intact apple seeds 


Temperature interval. 

Qio for oxygen con- 
sumpton. 

Q10 for CO 2 production. 

A 1 

B 3 

A 1 j B 2 

°c. 

10 to CO.. 


1-54 

1.09 

i *52 

1.05 

1.02 

2.17 

1.80 

1.48 


1.80 
1.29 
1.71 
1.28 
1.19 
2*79 
t 2.69 

I 1 - 7 ! 

co to 10. .. 

1*37 
1.S3 
1.13 

*99 

2.25 

1.86 

I *59 

1.56 

1-75 

i- 3 ° 

x.i 8 

3*79 
3.04 | 

i *73 j 

10 to CO. 

30 to 19.. 

19 to 10....... 

10 to 0...... 

0 to 13.. 

It to CO. .... 



1 Lot A, Newtown Pippin seeds dormant after cold storage in fruit, incubation at s° to io° C. for a few 
days and then 25° for 12 days, and previous respiration experiment at 19 0 and 30° for 9 days. 

3 Lot B, York Imperial seeds dormant after cold storage in fruit, incubation at s° to io° C. for 4 days 
and at 2s 0 for 3H months. 

As in experiment 2, the values for Q 10 are greater for C 0 2 production 
than for oxygen consumption, greater for the lot which I have supposed 
to be richer in the more easily oxidizable materials (A) than for the other 
lot (B), greater when changing from 19 0 to 30° C. than when the reverse 
change was made, and greater at low temperatures than at higher tem¬ 
peratures. 

As a result of the very low respiratory intensity during the 118-hour 
period at 19 0 C., the temperature coefficients from this temperature to 
1 o° appeared very low. 
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From Table VII and the previous table of temperature coefficients 
(Table III) it is evident that the values of Q 10 for the respiration of seeds 
for any given temperature interval may depend upon a number of dif¬ 
ferent factors, which have not as yet been worked out, but among which the 
physiological condition of the seed and its previous treatment are important. 

It is impossible to draw reliable conclusions as to the nature of the 
complex of processes which constitute respiration from any one set of 
temperature coefficients. Nevertheless, it seems entirely safe to say that 
different steps in the complex are differently affected by temperature 
changes—in other words, have differential temperature coefficients—and 
that these differences are reflected in the physiological condition of the 
living embryo can scarcely be doubted. 

IMPORTANCE OF STUDYING OXYGEN CONSUMPTION AND CO* PRODUC¬ 
TION IN THEIR RELATION TO EACH OTHER 

A great many, though by no means all, investigators of respiration have 
confined their attention to either oxygen consumption or C0 2 production 
to the exclusion of the other, and frequently the apparatus used has ren¬ 
dered the study of the other impossible. Different investigators have been 
led to consider of paramount importance one or the other of these two 
evidences of respiratory activity. Mayer ( 18 ) , for instance, studied only 
oxygen consumption because this was supposed to correspond much more 
nearly to the amount of heat produced by respiration than does C0 2 pro¬ 
duction. Much of the oxygen consumed does not reappear as C 0 2 but is 
built into the plant tissues. In this case C 0 2 is not the end product of the 
oxidation. On the other hand, he points out that C 0 2 is given off by the 
reduction of oxygen-rich mineral acids, quite independent of true respira¬ 
tion. Tashiro ( 22 ) and, following him, Gurjar (to) emphasized C 0 2 pro¬ 
duction as “ an accurate index of respiratory activity. 0 

It would seem from the data in this paper that neither oxygen consump¬ 
tion nor C0 2 production can be considered as ** an accurate index of res- 
priatory activity. 0 Both depend upon external as well as internal con¬ 
ditions, which affect the two differently, so that neither alone gives a 
complete picture, much less a satisfactory understanding of respiratory 
exchanges. It seems certain, furthermore, that following oxygen intake 
and C0 2 output, in their relation to each other and to external factors, 
will be useful in pointing the way to fruitful investigations in other fields 
of plant physiology. 

SUMMARY 

(1) The respiratory intensity of dormant apple seeds is low. The 
respiratory intensity of seeds capable of germination is higher and 
becomes very high with advancing germination but soon falls some¬ 
what if the germinated seeds are kept at too high a temperature (30°). 

(2) Removal of the outer seed coats or of both seed coats increases 
respiratory intensity and accelerates germination. 

(3) The respirator}^- quotient of dormant apple seeds at ordinary tem¬ 
peratures (19 0 C.) corresponds to complete oxidation of fats (0.70) or 
to only slight increase in sugars. 

(4) The respiratory quotient increases with increase in temperature, 
causing impoverishment in easily oxidizable substances and possibly 
Indicating oxygen deficiency in the respiring tissues. 

(5) The respiratory quotient decreases with decrease in temperature, 
indicating a storage of oxygen which becomes very considerable at io° 
and o° C. and prbbably leads to increase in acids and sugars. 
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(6) Correlated with a relatively high rate of oxidation at high temper¬ 
atures is a tendency for the seeds to become more dormant; with storage 
of oxygen at low temperatures they slowly become capable of germina¬ 
tion. 

(7) The respiratory quotient becomes low (about 0.60) with ad¬ 
vancing germination, indicating the rapid transformation of fats and 
accumulation of sugars. Preceding this fall in respiratory quotient 
there is frequently a brief initial rise (to a maximum of 1.2), which 
indicates the breaking up of oxygen-rich bodies (probably organic acids) 
much more rapidly than these bodies are replaced and may be associated 
with a temporary deficiency of oxygen in the respiring tissues. 

(8) The temperature coefficients for the respiratory exchanges of dor¬ 
mant apple seeds are greater for seeds previously incubated at medium 
temperatures (20° C.) than for seeds previously incubated at higher 
temperatures, greater for C 0 2 production than for oxygen consumption, 
greater when changing from a medium temperature (19 0 C.) to a higher 
temperature (30° C.) than when the reverse change is made, and greater 
at low temperatures than at high temperatures. 

(9) Temperature changes, at least temporary elevation of the tem¬ 

perature (to 30° C.), may exert a stimulating effect on the respiration 
of dormant apple seeds, but the evidence is not conclusive. - ! .-d 

(10) Respiratory intensity, respiratoiy quotients, and temperature 
coefficients are affected by the previous treatment of the seeds, being 
higher after treatment which tends toward after-ripening,- and lower 'after 
treatment which induces deeper dormancy. 

(11) Temperature coefficients are different for different steps in" the 

oxidative processes which constitute respiration, and these differences 
are related to the different temperature effects upon the physiological 
condition of the living embryo. f&jj' 

(12) In order to gain an understanding of respiratory processes it is 
necessary to study oxygen consumption and C 0 2 production in their 
relation to each other. 
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INTRODUCTION 

With the enormous increase in the work upon plant diseases, the need 
becomes apparent for greater knowledge of the nature of immunity and 
susceptibility to plant disease. Nowhere is this question of greater inter¬ 
est than in the study of the cereal rusts, where the problem of combating 
these diseases is recognized to be largely the task of breeding for rust 
resistance. 

From the early days of Farrer’s (14) speculations concerning the na¬ 
ture of rust resistance, down to the present, the problem has engaged 
the attention of many workers, but much still remains to be learned. 
The problem is being attacked by the geneticist, the chemist, and the 
cytologist. It is from the point of view of the last that the present 
study was undertaken, in the hope of learning something more of the 
actual behavior of the living host cell when attacked by the fungus and 
of the interaction of host and parasite. 

Fairer (14) attempted to trace some connection between morphologi¬ 
cal characters and resistance, his idea being that a wheat plant with 
small stomata to keep the fungus from entering, or with veiy heavy 
epidermis through which the spores could not erupt to form pustules, or 
a wheat plant with narrow erect leaves on which the drifting spores could 
not lodge, would tend to be resistant. 

Biffen (3), after careful breeding experiments with varieties of wheat, 
some of which were susceptible to, and others immune from yellow 
striperust, concludes that resistance and susceptibility are quite inde¬ 
pendent of anatomical features, for dissimilar plants may react similarly 
to the disease, and, what is even more conclusive, of two plants, similar 
in all anatomical details, one may be resistant, and the other susceptible. 
Moreover, immune plants were seen to bear small flecks and even abortive 
pustules, showing that the fungus entered, but for some reason was unable 
to develop normally. 
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With the abandonment of the theory that immunity is due to the ex¬ 
clusion of the parasite, recourse was taken to analogies with animal dis¬ 
eases, and it was assumed somewhat vaguely that resistance was due to 
“toxins and antitoxins.” 

DeBary (2) was one of the earliest workers to make careful micro¬ 
scopical studies of grain rusts. In 1866 he saw the germination of the 
urediniospores and the formation of the appressoria on the stomata. 
He noted the first flecks in six days and the earliest pustules on the eighth 
day. He also established the fact of heteroecism. 

Eriksson (7-12), in field studies of rusts, found epidemics occurring 
where there was no apparent source of infection and became convinced 
that the disease was carried in some latent and invisible form in the 
seed and the plant growing from it. He found no recognizable myce¬ 
lium in the growing plants, but thought he detected a thick plasma 
within the host cells which he believed to be a mixture of fungous and 
host protoplasm. According to him, when these infected plants approach 
maturity, the fungus ceases to be a symbiont in a latent condition and 
becomes an active parasite. The nucleus of an infected host cell becomes 
hypertrophied and represents a combination of fungous and host proto¬ 
plasm. The nucleus then partially dissolves, setting free several “cor- 
puscula nucleoli” of fungous plasm. The mycoplasm is now mature. 
The contents of these special corpuscles now pass out from the cell 
through minute pores in the wall and give rise to intercellular mycelium, 
leaving behind the empty corpuscle, which usually is elongated and sur¬ 
rounded by a broad “Lichthof.” In the primary stage of the intercel¬ 
lular protomycelial life of the fungus there are no distinctly recognizable 
rust nuclei, but in the secondary mycelium arising from the first, the 
rust nuclei are distinct. 

Eriksson’s mycoplasm theory evoked criticism and in the lively con¬ 
troversy that followed several cytological studies were published describ¬ 
ing in detail the vegetative mycelia of rusts on grains and grasses. 

Ward (28,29, 30), in his account of Puccmia dispersa Erikss. on bromes, 
figured and described with great detail and accuracy the germination of the 
spore, its entry through the stoma, the substomatal vesicle, the hyphae 
growing from it, and the development of haustoria. He maintained, and 
rightly, that what Eriksson supposed to be the differentiation of myco¬ 
plasm from the intimate mixture in the host cell, and its exit into the 
intercellular spaces to form mycelium, was really the entrance of the 
fungus into the host cell to form haustoria and that Eriksson in study¬ 
ing the haustoria in all their stages exactly reversed the sequence of 
events. 

Eriksson grew grain from rusted seed in closed culture cases. A small 
percentage of the resulting plants were rusted. As no mycelium was to 
be found in the growing plants, this helped to convince him that the 
disease was propagated in latent and invisible form through the seed 
and the plant growing from it. Klebahn (18) repeated these experi¬ 
ments, using rusted seed supplied by Eriksson. No rust developed 
where the plants were kept isolated. More recently, Hungerford (17) 
grew plants from rusted seed under most carefully controlled conditions 
and obtained no rusted plants. 

Miss Gibson (16) made interesting studies of the growth of rust spores 
on plants quite unrelated to their natural hosts. The spores germinated, 
were attracted to the stoma, an$l usually entered and made an initial 
growth. By the end of two days, or at latest four days, the fungus had 
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reached the limit of its development and was shriveled and dead. No 
haustoria were found. She concludes that— 

The facts seem to suggest that the death of the entering hyphae is not due so much 
to starvation as to some poisonous substance emitted by the cells. 

Also that— 

The entrance of a stoma by any germ tube is no index of 'the capacity of that 
germ tube to infect the leaf. 

Miss Marryat (19) studied the behavior of yellow striperust, Puccinia 
glumarwm (Schm.) Erikss. and Henn., on a susceptible and an immune 
wheat. The fungus on the immune host enters in normal fashion, but 
the hyphae soon become watery in content, have few nuclei, and form 
almost no haustoria. The host tissue soon shrinks and begins to break 
down and die. Attempts to form pustules result in tangles of hyphae 
often lying deep in the tissues, among which a few abortive spores may 
be formed. The reason for immunity is not known but may be due to 
toxins and antitoxins. 

Stakman (26, 27) also made parallel studies of wheat stemrust on 
immune and susceptible varieties of wheat and also of oats inoculated 
with stemrust from wheat and barley, rye from orchard grass rust, and 
several others. The fungus on an uncongenial host enters as usual, and 
the first hyphae may be vigorous. 

Within a short time after the hyphae become closely appressed to the host-plant 
cells, there are usually unmistakable evidences of some deleterious influence upon 
the host cells (27, p. iq6). 

The plastids become irregular and are often clumped and soon become 
fainter, leaving a homogeneous, uniformly staining mass. Hyphae may 
grow past cells that escape injury. A part of a host cell may be destroyed, 
leaving the rest untouched. The harmful effect of the fungus may precede 
actual fungus invasion. The action is sometimes less sharp and rapid. 
The more resistant a form, the quicker are host cells and fungus killed. 

There seems to be a very definite antagonism between the immune plant and the 
parasite 

and—- 

immunity and resistance, especially when very marked, are quite independent of 

the nourishment of the plan ±(27, p. iq8) .The evidence would rather 

eem to favor the view that the whole problem is one of toxins in the host or parasite 
or, very probably, in both {26, p, 46), 

METHODS 

The strains of wheat stemrust used in the studies here recorded were 
Puccinia graminis tritici I and III and a local strain found growing in 
the breeding plot in Berkeley. The varieties of wheat were Baart or 
Early Baart (susceptible); Kanred, chosen for its immunity from 
several strains of stem-rust (d, 20, and 23); and to a minor extent 
Mindum (semiresistant). The seed of Early Baart used in this work was 
grown in the cereal plots at Davis in 1919, and that of Kanred came 
from Hays* Kans., in 1917 (C. I. 5146), and from plants grown here later 
from that seed, and the Mindum is Minnesota 470. The seedlings were 
grown in the greenhouse, inoculated about the ninth day after planting, 
kept under bell jars 48 hours, and then set in cheesecloth cages. The 
different lots of seedlings of Baart were grown and fixed in October, 
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December, and March; those of Mindum in October, January, and March ; 
and those of Kanred in December, March, and July. The present studies 
are limited to infections on seedlings. 

Material was fixed daily from the time of inoculation until 14. days 
after. The fixing fluids used were the chrom-acetic mixtures, Flemming's 
medium solution, and several modifications of Bonin's fluid. The latter 
proved unsatisfactory, in general, although a few fair preparations were 
obtained. Fixing fluids of ordinary strength served for the older tissues. 
Younger seedlings fixed better in solutions made up one-half or three- 
fourths strength. Flemming's triple stain was the one principally used. 

INVESTIGATIONS 

BAART 

Baart, or Early Baart, is susceptible to the fungus and Mindum is 
somewhat resistant; but, as no differences were observed in the earliest 
stages of their development, two or three drawings of Mindum are included 
here. Drawings other than Early Baart are specified. Only the rust 
found in Berkeley and Puccinia graminis tritici I, were used. 

The wheat leaf is parallel-veined, and over each vein on the upper 
side of the leaf is a small ridge running from one end of the leaf to the 
other, so that this surface of the leaf is minutely corrugated. The stomata 
are regularly arranged in a single longitudinal row on each side of every 
ridge about midway between its crest and the adjoining valley. The 
other side of the leaf Is relatively smooth and its rows of stomata are about 
opposite those of the ribbed side. The stomata are all oriented alike, the 
long axis of the stoma being parallel to the length of the leaf. 

The urediniospores were usually placed upon the ribbed side of the 
leaf by means of an inoculating needle and naturally lodged upon the 
ridges at a distance of several cells from the nearest stomata. Many 
of these spores germinated overnight, pushing out germ tubes through 
the pores in the cell wall. The germ tube hugs closely to the surface 
of the epidermis, conforming to the curve of each cell, *and regularly 
takes the nearest route to a stoma. Perhaps the water vapor Issuing 
from the stoma serves to attract the germ tube, or some faint odor 
diffuses out -which acts as a stimulus for a chemotropic reaction. The 
living content of the germ tube flows along as it grows, leaving very 
little behind in the older part of the tube. 

Once the stoma is reached, the tip of the germ tube swells and the 
protoplasm flows into it. It fits closely into the canoe-shaped hollow 
above the aperture of the stoma. When fully formed, the appressorium, 
as this pad or cushion of fungous protoplasm is called, is at least as 
large as the spore from which it came and contains nearly all of its 
living matter. The empty germ tube is now separated from the appres¬ 
sorium by a septum, and its delicate walls soon collapse. It is seen for 
a time as a hazy bluish line but soon disappears. 

By means of this first step In the process of infection, the contents of 
the urediniospore are transferred with the greatest possible economy of 
material to the nearest point of entrance into the host plant. This 
process takes place rapidly, for leaves placed in the fixing fluid on the 
day following inoculation showed dozens of fully formed appressoria. 

The young appressorium contains two nuclei, but older ones regularly 
contain four. Plate 1, A, shows a slightly oblique longitudinal section 
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of a stoma with its long femur-shaped guard cell containing plastids and 
the elongated dumb-bell-shaped nucleus, and a slant section through the 
adjoining accessory cell. At this stoma is a fully formed appressorium 
a with a withered remnant of germ tube still attached. Plate 3, D, 
shows a surface view of an appressorium on Kanred at the same stage. 
The two guard cells are flanked by accessory cells, and the appressorium 
is fitted closely into the hollow above the stomatal slit. 

In spots where the spores were crowded on the leaf, slides were 
obtained showing several germ tubes competing for the same stoma. 
Plate i, B, shows a longitudinal section of a stoma with three appressoria. 
The fixing fluid used for this preparation was a modification of Bonin’s. 
The fluid proved to be too strong, but it is interesting to note that while 
the guard cell of the host shows pronounced plasmolysis, the fungi them¬ 
selves are well fixed. This is perhaps an indication that the fungus has 
considerably higher osmotic pressure than its host. In this figure 
appressorium a evidently arrived first at the stoma, as it occupies 
nearly the whole hollow. Appressorium b came second and filled in one 
end of the hollow. It is evidently younger, being smaller and binucleate. 
Appressorium c is just entering, and its germ tube is forming a swollen 
club-shaped mass on top of a. The three germ tubes leading into these 
appressoria leave no question as to the separate origin of these three 
contestants for the place. 

In nearly all cases the formation of the appressoria takes place with 
great regularity. A few deviations have been observed. Each of the 
little ridges running lengthwise of the surface of the leaf is reinforced at 
its apex by a slender band of heavy-walled lignified cells, studded at 
regular intervals by stout little thorn-shaped hair cells. In two or 
three cases an appressorium has been found wedged into the angle 
between the base of the hair cell and the adjoining epidermal cell. 
Plate 1, C, at cl represents a cross section of one of these. The adjoining 
epidermal cell b is dead and collapsed. In another case (PI. 1, D), taken 
from a longitudinal section of a leaf of Mindum, an appressorium formed 
on a dead collapsed ridge cell, failed to enter, pushed out a tube and 
grew to the other end of the host cell, and made a secondary appres¬ 
sorium there. Perhaps the dead host cell in each case allowed the 
diffusion outward of materials or of water from within the host, which 
served to attract the fungus. No appressorium has yet been observed 
on an ordinary healthy epidermal cell. These irregular cases form an 
argument against Promme’s theory (75) that “negative heliotropic reac¬ 
tions play an important part in bringing about the stomatal entrance 
of the germ-tube.” 

In entering the host plant the appressorium pushes a bladelike wedge 
through the stomatal slit, and the contents of the appressorium flow 
through, commonly forming a swelling inside which is termed the “sub- 
stomatal vesicle.” 

Plate 1, E, shows a cross section of a stoma and the substomatal chamber. 
The stoma is occupied by the entering fungus. The collapsed germ tube 
and the appressorium can be seen outside the stoma and the beginning of 
the vesicle inside. 

Plate 1, P, a longitudinal section of a Mindum stoma, represents a more 
advanced stage fixed on the second day after inoculation. It is drawn 
on a smaller sckte than the preceding. The living content of the appres¬ 
sorium has jfa&ed through the stom% leaving the delicate wall of the 
appressoriumfc&th its withered germ tube empty and wrinkled but not 
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wholly collapsed. Practically no substomatal vesicle was formed in 
this case, and the infecting hypha passed off directly at one end of the 
stoma. In the tipper part of this drawing is shown the tip of an infect¬ 
ing hypha from another fungus which had entered an adjoining stoma. 

Plate 1, G, also from Mindum, shows the fungus a day older. It is a 
longitudinal section cut obliquely through the stoma. The substomatal 
vesicle here is well developed and has given off two hyphae at each end, 
into which the protoplasm has moved, leaving the substomatal vesicle 
nearly empty. 

Almost without exception the primary hypha or hyphae grow along 
the end of the guard cells and either run closely applied to the inner 
surface of the epidermis for a short distance in a direction parallel to 
the length of the leaf or, more rarely, slant down directly into the meso- 
phyll. The nuclei and cytoplasm follow the growing tip or tips of the 
fungus, leaving the vesicle and the older portions of the hyphae near the 
stoma practically empty. This conserves the limited resources of the 
fungus until connection with the food supplies of the host is established 
by means of haustoria. 

By the fourth day after inoculation the mycelium in Early Baart has 
attained a considerable size. The older hyphae near the stoma are 
empty or nearly so and the first two or three mesophyll cells attacked 
by the fungus are overgrown with hyphae and contain full-grown haus¬ 
toria. Prom this center the mycelium spreads downward obliquely to 
the vascular bundle. As the hyphae work their way through the inter¬ 
cellular spaces they usually remain in contact with the walls of the 
mesophyll cells, following the irregular curved surfaces, but sometimes a 
hypha will cut across an open space. 

Certain of the hyphae when unimpeded form long slender “runners.” 
The long straight surfaces of the cells covering the vascular bundle form 
a particularly favorable place for this, and hyphae will run lengthwise 
of the leaf along these cells for considerable distances. Plate 2, A, at a 
and its continuation a r shows a relatively short runner. The tip of 
such a rapidly growing runner is slender and tapering, the cytoplasm 
fairly dense, and the two nuclei of the terminal cell are generally left 
behind and are to be found at some distance from the tip. These nuclei 
often are elongated, and the denser-staining portion inside the nucleus 
may also be considerably drawn out as if temporarily misshapen by the 
flowing onward of protoplasm to the narrow tip of the growing cell. 
Rust nuclei elsewhere are nearly isodiametric, being usually oval. Pole- 
Evans (13) saw these elongated nuclei of the runners and interpreted 
them as cases of direct nuclear division, but I have seen no evidence of 
this-' 

When the tip of a growing hypha strikes a host cell wall end-on or 
becomes wedged into an angle between two or more cells, or grows into 
a “blind alley” in the intercellular spaces of the leaf, it may make a 
haustorium. In fact, that is commonly the way in which the changes 
preparatory to the formation of a haustorium are initiated. It is not 
always essential that the growth in length of a hypha be forcibly checked, 
for a small minority of cases have been seen in which a haustorium 
was formed by a hypha whose tip appeared to be free to continue growth. 
Yet even in some of these cases (PL 2, D, and C, b) a careful comparison 
of the sections before and after the one in question may show that the 
obstructions were present in the plane above or below. 
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A hypha about to form a haustorium undergoes certain very charac¬ 
teristic changes, and as these cells are to be found by hundreds there is 
little doubt as to the details of the process. In Plate 2, B, the hypha, 
in growing up along the surface of one tnesophyll cell, touched a second 
mesophyll cell obliquely at b, became deflected, and then the tip struck 
a third cell squarely at c . Growth in length is forcibly halted, the hypha 
has thickened, its contents are concentrated near the tip, and the two 
nuclei have moved up. 

The next step in this process is seen in Plate 2, C. The hypha growing 
up touched a host cell first on one side, then on the other, and then the 
end struck a third cell at a. There was room enough to grow on, by 
bending, but growth in length was checked temporarily and other changes 
started. The slender-tipped growing hypha has now swollen into a 
broad club with its end closely applied to the wall of the host cell. The 
pair of nuclei which lag behind in a rapidly growing tip have moved up 
and have evidently undergone, division. Two of the daughter nuclei 
have moved out into the swollen terminal portion. The other two are 
lying a short distance behind. The four daughter nuclei are nearly 
full grown and are about equal in size. 

Soon after this a septum forms, thus giving rise to a short terminal 
cell. This is the haustorium mother cell. Plate 2, D, shows such a 
case and also A at b and e and C at b. This haustorium mother cell 
contains one of the two pairs of daughter nuclei. It varies considerably 
in shape according to the available space, but when relatively free it is 
oval. 

There has been a marked change in the size of the nuclei. Before 
the septum formed, all four ware approximately equal. Now the pair 
of nuclei in the penultimate cell are full grown, while those of the terminal 
cell have undergone a marked decrease in size. The nuclei are always 
present but are less than half of their former size. Not only is the 
nucleus as a whole reduced but also the densely staining body within it. 
Whether the dense spherical mass within the nucleus is a true nucleole 
or contains chromatin as well, I have been unable to determine. There 
is some evidence of a delicate chromatin network running through the 
nuclear cavity as figured by Blackman (4) in another rust, but these 
vegetative nuclei are minute and it is difficult to determine the details. 

The penultimate cell now regularly pushes out one or more slender 
hyphae just below the septum. This is seen in Plate 2, D, where a small 
budlike branch is just pushing out, and in A, just below the haustorium 
mother cell at b , where the branch has already attained some length. 
The formation of a haustorium, then, does not stop the growth of a hypha 
permanently, for growth is practically always continued by means of 
these side branches. 

This haustorium-producing cell has a broad surface contact with the 
host cell, and its contents have become very dense (PI, 2, E). The 
branches below it in this case are slower than usual in forming but are 
beginning to push out. When the fungus is ready to enter, a minute 
pore is formed in the wall of the fungus cell and in the host cell wall 
next to it, probably by means of enzyms secreted by the fungus. The 
pore is ultramicroscopic in size; at least I have never seen it. Occa¬ 
sionally, however, at a later stage when the haustorium is formed, one 
finds a small circular red-stained spot on the host cell wall surrounding 
the point of entrance of the fungus. *This suggests that the wall here 
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has been altered in composition, possibly because of the local spreading 
of the enzym that made the pore. 

The formation of the minute opening in the two walls places the two 
osmotic membranes of host and parasite in direct contact, and the sub¬ 
stance of the haustorium mother cell immediately begins to push through 
into the host cell (PL 2, E). As has been mentioned, the osmotic pressure 
in the fungus is probably higher than in its host, and this entrance may 
take place automatically by the extension of the fungous membrane as 
water passes into the fungus from the weaker solution in the host cell. 
This extension of the fungous cell into the host is accompanied by a 
corresponding invagination of the host protoplast. The appearance 
suggests strongly that the plasma membrane of the host is not broken 
but merely cupped by the invader. 

A slightly larger haustorium is seen in Plate 2, P. The peglike hau¬ 
storium of the earlier stage has now become differentiated into its two 
parts, the body, a dense globular mass showing no details of its contents, 
and the slender neck. The haustorium mother-cell is still dense in 
contents, and, as in Plate 2, E, there are concentrated darker staining 
masses within it. 

Plate 2, G, is typical of a slightly later step in the process. The 
penultimate cell has its pair of full-grown nuclei and is pushing out 
branches just below the septum. Much of the contents of the terminal 
cell have passed into the haustorium, and in the less dense remainder 
we discover that the two small nuclei are still present. The young 
haustorium consists of a dense ball of fungous cytoplasm which stains a 
uniform deep red and a narrow neck joining this ball to the parent cell. 
The haustorium is still invested with host cytoplasm and still gives the 
impression of having stretched the peripheral layer of the cytoplasm of 
the host inwards and pushed it ahead into the central vacuole, forming 
a sort of pocket. If this impression is correct, the young haustorium is 
in one sense still outside of the living protoplast of the host, having 
merely indented its plasma membrane. The fact that the turgor of the 
host cell is not destroyed, but is, on the contrary, slightly increased, 
would also suggest an unbroken osmotic membrane. 

Plate 2, A, c and d, shows a somewhat more advanced stage. The cell 
at d giving rise to the haustorium is now empty except for a rim of cyto¬ 
plasm concentrated at its distal end near the point of exit into the 
haustorium. The haustorium c is larger and the two nuclei, or at least 
the nucleoles, are clearly visible in it. It is also beginning to expand, as 
is seen from the small vacuole within it. The rest of the haustorium is 
homogeneous in appearance. 

Still later (PL 2, H) the parent cell appears to be empty, and the 
haustorium now contains the complete protoplast of a fungous cell. 
The haustorium has undergone a rapid expansion by the absorption of 
water from the host and now presents an appearance similar to that of 
the cell from which it came. The cytoplasm has much the same structure 
as before except that it is more open. One of the two nuclei is clearly 
visible in it. 

Plate 2, I, shows an older U-shaped haustorium seen from the upper 
end of the U. The cytoplasmic investment is exceptionally heavy and 
includes a chloroplast at a and a small accumulation of cytoplasm about 
the neck. Looking into the ends of this haustorium, one sees that the 
peripheral portion is much more* loose and open in structure than the 
center. Even the older, full-grown haustoria often have a denser core. 
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A noteworthy point in connection with this process is the fact that the 
empty haustorium mother cell remains plump. Hundreds of these cells 
are to be found in infected tissue, and while their shape may vary 
greatly according to the available space, they all give the impression of 
having turgor. This would suggest that when the cell contents entered 
the host cell to form the haustorium, at least a thin membrane was left 
behind, lining the cell wall of the mother cell, and that this membrane is 
continuous through the pore with the membrane of the haustorium 
inside the host cell. 

It would be difficult to explain the passage of food from the haustorium 
to the mycelium through the empty cell if the latter does not possess an 
osmotic membrane, for its cell wall alone, if it is of ordinary composition, 
at least, would allow the escape of both the water and the food materials 
contained in it. 

The host cell of Early Baart at this time shows no deleterious effects of 
the fungus. 

In some cases, even in the half-grown haustorium, it is still possible to 
distinguish the two minute nuclei, or at least the nucleoles (PI. 3, A). In 
the full-grown worm-shaped or branched haustoria (B and C), however, 
they can rarely be distinguished, although it is possible that they are 
still present. 

The cell drawn in Plate 3, B (less magnified than tbe rest) was located 
near the center of a 6-da3/ r -old infection. Cells adjoining it were nearly 
filled with haustoria and surrounded by a felt of hyphae. The cell drawn 
contains two large haustoria, which are intimately associated with the 
living contents of the host cell, being covered with a rich layer of host 
cytoplasm. The infected host cell presents a flourishing appearance and 
may even have more plastids and cytoplasm than an uninfected cell. 

A part of one of the large bundle-sheath cells from a 7-day infection is 
shown in Plate 3, C. The plane of the drawing was near the upper surface 
of the cell and includes some of the cytoplasm lining its upper wall. Three 
very large haustoria and one half-grown one are shown. At the left was 
an intricate tangle of hyphae not included in the drawing. It is not 
uncommon to find 8 or 10 full-grown haustoria in one of these large cells. 
The haustoria possess a delicate limiting membrane inclosing what appears 
to be fungous cytoplasm. There is often, but not always, a denser core. 
Nearly every haustorium, too, possesses one or more rounded clear 
spaces. These may be true vacuoles, or, in the living cell, they may 
have been filled with food material of an oily nature that was dissolved 
out during the preparation of the slide. The necks of these large hau¬ 
storia in Plate 3, C, may have led to hyphae on the upper surface of 
the cell and may have been lost in sectioning. 

Here, as in the younger material, the host cell gives every evidence of 
functioning normally, or even with somewhat heightened activity, and 
host and parasite seem fully congenial. 

KA.NRBD 

The seedlings of Kanred given the same treatment as that described 
for Early Baart showed marked resistance to the local strain of rust. In 
repeated trials the fungus failed to produce flecks large enough to be 
visible to the naked eye. 

Cytological study shows that the spares germinate readily on K an red 
leaves. The germ tubes make their way directly to the stomata, where 
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typical appressoria are formed. Plate 3, D, shows a tangential view 
of a stoma with the fully formed appressorium fitted closely to its outer 
surface. A withered remnant of germ tube is still attached at a , the 
four nuclei are located near the center, and by looking down through the 
cytoplasm of the appressorium one can see the narrow stomatal slit. 
These appressoria are formed in great numbers, and when the spores are 
abundant on the leaf, two, three, and even four appressoria can be seen 
crowded together at a single stoma. 

As was stated in a preliminary account of this work (/), relatively 
few of these appressoria pass through the stomatal slit in Kanred to 
form mycelium within the host. Six days after inoculation only 5 out 
of 100 appressoria had entered. Material taken 8, 10, and even 12 
days after inoculation still showed numerous appressoria and relatively 
few infections. Moreover the plants were not uniform as to the per¬ 
centage of entries. Of two plants grown side by side in the same pot 
and fixed at the same time, one might show very few entries and the 
other a percentage considerably above average. For greater accuracy, 
counts were made and the results presented in Table I. 

Table I.- —Percentage of entries in Kanred at different dates after inoculation with rust 


Number of 
. days after 
inoculation. 

Total number 
of fungi 
counted. 

Number of 
entries. 

Percentage 
of entries. 

6 

IOO 

5 

5 

8 

I 33 

14 

10-f 

10 

77 ! 

7 

9 

12 

145 

16 

11+ 


Under the conditions of this experiment only about 10 per cent of the 
fungi enter. The other 90 per cent remain outside the stomata until 
they dry and fall off. 

Plate 3, D, represents an appressorium fixed 6 days after inoculation. 
Eight days after inoculation the majority are still vigorous. A few, 
however, show signs of degeneration. Plate 3, E, represents a longi¬ 
tudinal section through a stoma on which at a is the shrunken appres¬ 
sorium with vacuolated cytoplasm and scarcely distinguishable nuclei. 
After 10 days the majority of the appressoria are withered, but a few 
(PL 3, F) are still vigorous. By the twelfth day under greenhouse 
conditions practically all the appressoria are withered and collapsed 
(PI. 3, G). In the open, especially if subjected to a wind, the death of 
the appressoria probably would take place sooner. 

A brief comparative study of Baart shows that the fungus enters 
much more readily. Four days after inoculation 26 out of 39 appres¬ 
soria, or 67 per cent, had entered the host.. 

The stomata of living leaves of Kanred were studied and drawn during 
early afternoon of a bright day when some of the stomata under green¬ 
house conditions are wide open. These drawings were measured as to 
length and breadth of the stoma as a whole, and the slit was measured 
in length and width. Plate 4, A, represents the average of these measure¬ 
ments. Using the same methods, and the same magnification, an aver¬ 
age stoma of Early Baart was dra^vn (PL 4, B). 
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A comparison of the two drawings shows several differences. The 
stoma of Baart is large and opens wide. That of Kanred is relatively 
slender and the aperture is smaller. In fact, the general epidermis of 
Kanred is finer in character, the ordinary epidermal cells being narrower 
than in Early Baart. 

In Baart the fungus enters freely. In Kanred, under the particular 
conditions of these experiments, nine-tenths of the fungi are excluded. 
One would suppose that even the smaller .stoma of Kanred, if fully opened, 
would permit the entrance of the fungus. It may be that the naturally 
small stomatal slit in Kanred is still further narrowed by stomatal action 
when an appressorium comes in contact with it. The presence of the 
appressorium might act as a stimulus by mere contact, by altering the 
gaseous exchange through the stoma or disturbing the moisture rela¬ 
tions, by exerting a possible toxic influence upon the guard cells, or by 
its presence shutting off some of the light from the guard cells. It is 
at least conceivable that the guard cells might be sensitive to the appres¬ 
sorium and remain closed, thus excluding the fungus. 

Concerning the effect of light, Pool and McKay (22) have shown in 
connection with their work on the relation of stomatal movement to 
infection by Cercospora beticola Sacc. that light is an important factor in 
stomatal activity, the stomata opening in strong light and closing in 
reduced light. Part of the material from which these counts were made 
was grown in December when the light is poor, and part in March when 
the light here is slightly above average. Both gave an average of about 
10 per cent of entries in Kanred. Mindum and Baart, grown at the 
same times and in the same light and given parallel treatment throughout, 
showed the fungus entering much more freely. If the partial exclusion 
of the fungus is due to deficient light, or to some other factor in the 
environment, it is only in the smaller stomata of Kanred (of the forms 
so far studied) that this factor plays a decisive rdle. 

In the foregoing studies a strain of wheat stemrust was used to which 
Kanred is extremely resistant. Other strains of the rust are known which 
can attack Kanred and produce pustules. One of these, Puccinia 
graniinis iritici III Pers., was kindly supplied by Dr. Stakman, and a 
preliminary study has been made. The seedlings were grown, inoculated, 
and fixed in July, and by good fortune encountered the only hot weather 
of the season. Stud}?- of the slides show r s that on the whole a larger per¬ 
centage of the fungi enter. There is great variability among the plants, 
an occasional plant showing very few entries, and another as high as 30 
per cent, the average being about 20 per cent. This is based on a study 
of only 8 plants and a total count of about 500 fungi. It remains to be 
determined whether the increase in the percentage is to be explained by 
the fact that host and fungus are congenial or by the fact that in this 
experiment the seedlings were exposed to greater light and heat. 

In the experiments with the rust to which Kanred is resistant, 10 per 
cent of the appressoria effected an entrance. When a Kanred stoma is 
partly closed, the slit is widest near the ends. In the cases of entry in 
Kanred that have been observed, the fungus passes through the stomatal 
slit near one end and swells up inside, forming the usual substomatal 
vesicle, from which a normal infecting hypha grows along the inner sur¬ 
face of the epidermis to the nearest parenchyma cell. Here the hypha 
begins in normal fashion the formation of a haustorium in the mesophyll 
cell. The tip of the hypha forms a br^ad contact with the host cell, and 
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the usual septum appears some distance back, forming the cell that is 
to give rise to the haustorium. 

With the entrance of the fungus into the host cell, however, making 
the first actual contact between the living protoplasm of host and para¬ 
site, abnormal changes begin, Plate 4, C, shows the first recoil from 
the contact. The haustorium-producing cell a is partially collapsed and 
has shrunken away from the host cell. There is a small red-stained spot 
on the host cell wall at the point of entry of the fungus. The scattered 
watery contents of the haustorium mother cell are in sharp contrast to 
the normal haustorium-producing cell. The latter at this stage (compare 
PL 2, A, at d and PI. 2, G) would be turgid, closely appressed to the host 
cell, and the remainder of its protoplasm would form a dense layer close 
to the point of exit into the haustorium. The appearance here suggests 
that some substance diffuses out from the host cell, disorganizing the 
haustorium-producing cell. The harmful effect does not stop here, for 
the cytoplasm of the hypha below the mother cell has drawn back sharply 
from the septum, suggesting retreat from the advance of some plasmolyz- 
ing substance. It is not probable that this plasmolysis is due to fixation 
for, as pointed out earlier, the osmotic pressure in fungous tissues is high 
and they are rarely shrunken by ordinary fixing fluids. 

Changes in the host cell are equally marked. The first change is an 
increase in turgor. By a fortunate mistake, one of the fixing fluids used 
proved too strong for the younger seedlings of Kanred. Preparations 
from it show the healthy mesophyll cells plasmolyzed, while the cells 
attacked by the fungus remain turgid, thus indicating an altered chemi¬ 
cal condition in the host cell induced by the fungus. This excess of 
turgor in the attacked cell is rapidly succeeded by a collapse, as seen in 
Plate 4, C, and the protoplast may contract into separate masses, each 
of which may include plastids. Even the cell wall shrinks irregularly, 
leaving points on the outline of the cell. The nuclear contents are dis¬ 
solved, although the nuclear membrane is distinct. Only in the imme¬ 
diate vicinity of the fungus are the plastids altered. There they appear 
as an indistinct mass. The adjoining host cells are perfectly normal in 
appearance. 

A later stage in this reaction is seen in Plate 4, D, showing a longitudinal 
section through the epidermis and stoma. A portion of the collapsed 
appressorium is seen on the outer surface at a and the substomatal vesicle 
just inside the guard cell at b. Here, as before, only a single mesophyll 
cell at e was attacked. The disordered contents of this cell, the absence 
of the nucleus, the clumped, misshapen plastids, and the rough jagged 
points on the cell left by the irregularly collapsing wall give ample proof 
of the attack. It is to be noted in passing that in this case the collapse 
of the wall is sharply localized at <?, and the end of the cell farthest from 
the fungus is relatively smooth in outline. The remaining stub of the 
infecting hypha, with its ragged discolored tip at d, lies at some distance 
from the host cell attacked. It may be that here, too, as in the earlier 
stage just described, the fungous cytoplasm retreated down the hypha to 
its base. Here a septum was laid in at c y walling it off. The relative 
abundance of cytoplasm and nuclei in the substomatal vesicle supports 
this view. The haustorium and the cell producing it and the portion of 
the hypha intervening between it and the stub have disappeared com¬ 
pletely. 
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Plate 4, E, a tangential section of material taken 10 days after inocula¬ 
tion, shows the final stage of this process. The fungus evidently entered 
several days before the material was fixed. At a is seen a cross section of 
the projection from the appressorium that pushed through the stoma, and 
at b the hypha is seen. The part connecting a and b was cut off in sec¬ 
tioning, The hypha grew to the nearest mesophyll cell. At its distal 
end this hypha fades out and seems to be partially dissolved. Only one 
host cell was killed, and it is pale, having lost the intense affinity for stains 
possessed by newly killed cells. No structures are recognizable within the 
cell, and it is shrunken and no longer jagged in outline. A markedly 
thickened wall is to be seen at the contact between the dead cell and the 
healthy mesophyll cell adjoining it. 

A fungus which has been checked in its first attempt to establish par¬ 
asitic relations with the host may still possess enough vigor to grow. In 
Plate 4, D, the nucleus and cytoplasm certainly suffice for the production 
of a secondary infecting hypha and cases are to be found in which this 
has happened. Plate 5, A, is a section nearly tangential, showing the 
stoma and adjoining epidermis above and mesophyll tissues below. The 
fungus entered the stoma at c and formed two infecting hyphae. One at 
e attacked a mesophyll cell with the result that both the cell and the 
hypha leading to it died. Several slender threadlike projections on this 
dead host cell evidently represent the remnant of the irregular, jagged 
points seen on attacked mesophyll cells in earlier stages. A disintegrat¬ 
ing remnant of the haustorium mother-cell is to be seen at the left of the 
dead cell near e. A shorter infecting hypha was formed at b. The killed 
host cell lies just above it and is found in the next section. These two 
attempts did not exhaust the fungus. A third hypha pushed out running 
along the edge of the stoma to a , and its tip some distance farther on 
contains a meager amount of living cytoplasm. The fourth and last 
attempt is at d, where a minute haustorium mother-cell is forming, 
equipped with thin cytoplasm and two nuclei so small and faint that they 
are scarcely distinguishable. 

An extreme case of this sort is seen in Plate 5, B, where a fungus made 
no less than six distinct attacks. Two fungi entered this stoma, as may 
be seen from the two well-developed substomatal vesicles. Of these, 
one was quickly dispatched. A single infecting hypha was formed, 
resulting in a dead mesophyll cell at b and a dead discolored hypha at a. 
The other pushed off two primar} 7 " infecting hyphae, numbers 6 and 1. 
With the death of No. 1, No. 2, a smaller, less vigorous hypha, branched 
out from its base. No. 2, in turn, died, and then came successively 
smaller and feebler hyphae, numbered 3, 4, and 5. Only the last’two 
of these contain living cytoplasm. Nuclei, if present, are too small to 
be definitely distinguished. One can hardly believe that a single spore 
could provide sustenance for so long a struggle. It is possible that the 
same cytoplasm, retreating from one infecting hypha, takes part in the 
next attack. It is to be noted that there is a septum near the base of 
each one of these dead infecting hyphae which might mark the limit of 
the retreat as did the septum at c in Plate 4, D. It may also be that the 
reaction of the host against the fungus was a little slower in this case and 
that some slight nourishment was extracted by the fungus before the 
toxic reaction began. 

Several of the host cells in this preparation have completely collapsed 
and others are dying. The walls of the*latter are thick and stained red. 
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The central vacuole is obliterated, and the whole cell cavity presents a 
loose, dark granular appearance in which the plastids (some of them 
almost normal in size and shape) are faintly discernible. The nuclei 
have disappeared. Adjoining this pathological tissue are cells quite 
normal in appearance except for an occasional thickened wall. 

These thickenings of the wall occur at the surface of contact between 
two cells as at c in Plate 4, B, and but rarely, if ever, on those parts of the 
cell wall which abut upon intercellular spaces. Usually the cell on one 
side of such a wall is pathological and the cell on the other side is 
heal dry. There is some evidence that these thickened contact walls are 
impervious and prevent the diffusion of substances to and from the dis¬ 
eased cell This may serve as a protection to the healthy cell by walling 
it off from any toxic materials formed in the pathological tissue. 

In view of the fact that a vague impression exists among pathologists 
that the immune host attacked by rust somehow walls itself off from the 
fungus, thus checking its spread, it should be emphasized here that this 
formation of heavy walls between cells in no way excludes the fungus 
itself. So far as is known, rust hyphae do not enter cells nor pass from 
one cell into another. The only entrance into a cell is for the purpose of 
forming a haustorium, and this takes place from an intercellular space, 
and in Kanred at least, the host cell walls adjoining intercellular spaces 
are practically always left thin. 

In some cases the reaction between host and parasite is more 
sluggish than in the examples described. The fungus makes a full-grown 
haustorium and gains enough food from it to enable the hypha to branch 
and grow on to the next cell before the first haustorium and the invaded 
host cell die. The new hypha makes a second haustorium and this may 
be repeated several times and further branching may occur. The inter¬ 
action of host and fungus is slower in starting and not quite so severe in 
its effects. The result is a succession of dead, discolored hyphae and 
dead host cells and an ever weakening advance of the fungus. As many 
as two dozen cells or even more may be involved before the fungus dies. 

In Plate 6, A, drawn on a larger scale than the preceding, is shown 
the advancing growth of the fungus. The dead cell at e already has 
succumbed to the attack of the fungus. At d is a nearly empty hausto¬ 
rium mother cell which has discharged its contents into the host cell 
to form the haustorium at c. The haustorium itself looks normal, but 
it lacks the cytoplasmic envelope of host cytoplasm. Evidently the 
normal relation of host and parasite has not been established. Still 
younger haustoria of the same mycelium show this cytoplasmic layer, 
but the older haustoria usually lack it. Perhaps some substance diffuses 
from the haustorium into the host cell which either destroys or repels the 
cytoplasm surrounding the haustorium. At b in the same figure (PI. 6, A) 
is an older haustorium, the neck of which does not lie in this section. 
The advancing tip of the fungus at a has formed a typical and fairly 
vigorous haustorium-producing cell with dense red-stained contents and 
two minute nuclei, and, as usual, the hypha has branched below this cell. 
The host cell shows no further signs of disturbance. Its nucleus, which 
lies above the plane of the drawing in the same section, is unaltered in 
appearance. 

Plate 6, B, shows a slightly older part of the same mycelium. At e is 
a full-grown haustorium which is somewhat vacuolated and ragged about 
the edge and has lost its connection with the cell at d that produced it, 
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but is still plump. At a is an empty haustorium mother cell still con¬ 
nected with b , the large worm-shaped haustorium produced by it. At 
c is a second empty cell and its haustorium. A considerable part of the 
contents of the host cell has collapsed into a mass about these two 
haustoria. The remainder of the cell looks normal. The host nucleus 
which is included in this shrunken mass shows decided signs of disinte¬ 
gration. Although this part of the host cell has collapsed from the com¬ 
bined effect of two large haustoria, the fungus itself does not seem to be 
harmed. The haustoria have not collapsed, nor is there any discoloration 
of the hyphae outside. 

The results of a somewhat different balance of forces is seen in Plate 
6 / C, which represents a cell of the same mycelium but two or three cells 
away from those drawn in B. Here the host cell has not begun to col¬ 
lapse and shows no signs of deterioration due to the fungus, but the 
haustorium at a, which w r as evidently very large, has collapsed into a 
crumpled, irregular mass; the haustorium mother cell outside at b is 
wrinkled, flattened, and discolored, and the hypha below it is similarly 
affected for a short distance. 

The details of the process may vary in different cases, but they come 
to the same end. Plate 6, D, is typical, with the dead host cell e stained 
a dense red and showing but little or no detail in cell contents, the col¬ 
lapsed haustorium mother cell a with its walls stained deep red, and the 
hypha devoid of cytoplasm below this cell and also for some distance 
up the branch springing from its base. 

Although the reaction by which host and fungus are killed is consid¬ 
erably slower here than in the cases described earlier, it is still fairly 
rapid. Another mycelium, of the same age and found in the same leaf 
near this one, was completely killed. The dead host cells and an occa¬ 
sional dead hypha were all that remained. 

In older material, all traces of the mycelium disappear except the initial 
hypha at the stoma. Just how this happens is not known. The hyphae 
can hardly be supposed to dry up, for the intercellular spaces of the leaf 
must form an excellent damp chamber. Moreover, the hypha nearest 
the stoma where some drying might take place is the one that persists 
the longest. In material taken 10 days after inoculation, no traces of 
intercellular mycelium were discovered. 

DISCUSSION 

Pole Evans (13), in a comparative study of the histology of the ttredo 
mycelia of cereal rusts, notes characteristic differences between the species 
and tabulates his results as to the appressorium; the form, size, and septa- 
tion of the substomatal vesicle; the number of the infecting hyphae; the 
size and form of the haustoria, etc. He says: 

These different species of Puccinia in the early stages of development of their uredo 
mycelia exhibit morphological characters (seen especially in connection with the 
formation of the substomatal vesicle) which serve at once to distinguish them from 
one another. 

There doubtless are typical morphological differences between the vegeta¬ 
tive mycelia of different rusts, but Plate i, F and G, shows some of the 
difficulties involved in any attempt to classify rusts on this basis. We 
have here the same rust on the same host. Yet in one case there is prac¬ 
tically no vesicle and only one infectingffiypha, and in another there are 
a large vesicle and four hyphae. All gradations between the two can be 
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found. The fungus Is decidedly plastic, and its individual vicissitudes 
are written In its morphology. 

These observations on the behavior of an Immune host attacked by a 
parasite are not extensive enough to warrant definite conclusions, but 
they are at least suggestive. The resistance of Kanred to this strain of 
stemrust appears to depend on two and perhaps even three distinct 
characteristics—one, the nature of its stomata by which under the 
conditions of this experiment, at least, all but a few of the fungi are 
excluded, another, the formation in the invaded host cells of a substance 
or substances fatal to the fungus, and third, the heavy cell walls between 
affected and healthy host cells, by which the spread of possible toxic 
materials into healthy tissues may be prevented. 

Concerning the first point, one would suppose that a very narrow 
passage would suffice for the entrance of the fungus. Blackman (4, 
p. 339), in describing the process of fertilization at the base of the aecium 
in Phragmidium, tells how the nucleus passes from one cell to the other 
through a very fine pore. He adds: 

Neither before nor after its passage could a pit in the wall be observed. 

Smith (24), in describing the formation of haustoria In Eryslphe, is im¬ 
pressed by the narrowness of the neck through which the nucleus and 
cytoplasm of the fungus pass to form the body of the haustorium. 
Eriksson (ii) is concerned by the fact that the exit of the so-called 
mycoplasm of the cell into the Intercellular spaces to form mycelium 
(or what is now believed to be the passage inward from the mycelium to 
the host cell to form the haustorium) must take place through an invisible 
opening in the wall. 

It effuses through the subtile pores that must be supposed to exist in the cell wall, 
that is to say, in the same way as the plasmodesmes between the cells. 

But, perhaps, Instead of comparing the entrance of the appressorium 
to the formation of a haustorium, or to fertilization, in which the fungus 
forms a very fine pore in a wall and passes through it, one ought rather to 
compare the appressorium in its tendencies and tropisms to the hypha, 
feeling Its way sensitively along the intercellular spaces and easily checked 
In its course or deflected from it by obstructions. On this basis one would 
not expect the appressorium to pass through a much narrower channel 
than a hypha would enter. 

In Kanred seedlings exposed to Puccinia graminis iritici I Pers., under 
the particular conditions of this experiment, but 1 fungus in 10 entered the 
stoma. This fact is of small importance so far as this strain of rust is 
concerned, for the immunity of this host is so great that even If all the 
fungi entered the host would not be appreciably harmed. However, 
this form of hindrance to the entrance of the fungus may not be limited 
to Kanred. Ward (29, p. 37) in his work with Puccinia dispersa Erikss. 
on bromes says: 

The vesicles and appressoria, infecting tubes, &c., may be visible much later than 
this however (i. e., four days), and it seems probable that infection can occur after 
delay, at least up to the sixth or eighth day, a point worth investigating. 

The limited work with Puccinia graminis iritici III Pers. would seem to 
show thathere, too, a large majority of the fungi are excluded. Even if only 
one-fifth of the fungi entered, however, it would not always mean that 
only one-fifth as much damage would be done by the parasite. It has 
often been noted in studying modulated seedlings of wheat and pats that 
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where large numbers of competing mycelia are crowded in a leaf, the 
pustules formed are minute and produce few spores. The available food 
supply may be the main limiting factor. When, on the other hand, the 
mycelia are few and scattered, each attains to its full development and 
produces many spores. Moreover, in inoculations made by placing a 
single spore on a leaf of Barly Baart, it has been noted that after the pus¬ 
tule has developed the mycelium spreads radially. Its extent can be 
determined by a slight discoloration of the leaf. Several days after the 
formation of the primary pustule, a circle (or ellipse, rather, for the 
growth is more rapid in the longitudinal direction) of secondary pustules 
forms around the margin of this spot. Given a free chance to develop, the 
damage done and the spore output resulting from the entrance of a single 
fungus into the host may be considerable. 

If, then, many spores are used in inoculation and only one in five 
produces infection the damage to the host and the resulting spore output 
of the fungus is certainly more than one-fifth of what it would be if all 
had entered. When relatively few scattered spores are placed on the 
plant and only one in five produces a mycelium, the results would be 
approximately one-fifth what they would be if all had entered. The 
latter would be usual under field conditions; and if later it should be 
proved that the stomata of Kanred behave in the same way in the field 
as they do in the greenhouse, this characteristic would have some 
economic importance. 

By becoming thoroughly familiar with the habits of the fungus in a 
congenial host, some light has been thrown on its history in an immune 
host. By learning to recognize the very regular and characteristic 
transformation through which a hypha goes before a haustorium is formed, 
and the appearance of the haustorium mother cell during and after the 
production of the haustorium, one learns to recognize the attempts of the 
fungus to form haustoria in an immune host and to see, in defeated 
attempts, the history written there. 

The fungus follows a normal course of development up to the time when 
the parasite enters the host cell. When, in Kanred, there is evidence of 
at least the beginning of the formation of a haustorium, and there has 
been actual contact between the cytoplasm of host and fungus, both the 
host cell and the fungus near it die. But a hypha can skim the surface of 
a cell, or even wrap itself around it, and, so long as no haustorium is 
initiated, host and fungus are unharmed. Stakman (27, p. 196), as 
already mentioned, also noted that a hypha in an immune host could 
pass by cells without harming them. 

When the reaction is slower after the entrance of the fungus into a host 
cell and haustoria succeed in growing to full size, more details of the pro¬ 
cess can be learned. The fact that the cytoplasmic envelope of the grow¬ 
ing haustorium in Kanred disappears rapidly points to the possibility 
that the fungus may be giving out some substance into the host cell. 
Certainly the host cell undergoes chemical changes, whether due to the 
mere physical presence of the haustorium or to some substance diffusing 
from it, and these changes result in the death of the host cell. Moreover, 
some substance, or maybe more than one, diffuses from the host cell 
into the haustorium; and this results either directly or indirectly in the 
death of the haustorium, the collapse of the cell producing it, and the 
plasmalysis or death of a portion of the penultimate cell below. This 
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may happen while the haustorium is still small and even before the entire 
contents of the haustorium mother cell have entered the haustorium; 
or the action may be much slower, allowing full development of the 
haustorium. 

There is irregularity .in the balance of forces of the interaction between 
host and parasite, for in one case the host cell is severely damaged at a 
time when the fungus is not visibly harmed, and in another the host cell 
is still normal in appearance while the fungus has succumbed. Miss 
Marryat (ig } p. 136) cites a nearly parallel case. In describing the general 
effect of Puccinia glumarum (Schm.) Erikss. and Henn. on American Club, 
a variety of wheat resistant to it, she says: 

Even hyphae which have managed to put out haustoria may become filled with 
small granules and their outlines appear so faint and indistinct that they seem on the 
road to complete disintegration . The host cells in such cases often appear moderately 
healthy, but in other portionsof the leaf one may find hyphae which are still flourishing 
whilst the host cells in their vicinity are gradually dying, a response to a too vigorous 
onslaught on the part of the parasite. 

Stakman ( 26 , 27) also notes variability in the struggle. 

Butler (5), in an excellent review of the literature on immunity in 
plants, sums up the evidence for a connection between acidity of cell sap 
and immunity, showing that in some diseases greater acidity favors 
fungous attack, in others it retards it, and in still others is indifferent. 
In yet other cases a change in acidity during ontogeny is accompanied by 
parallel changes in immunity. A form of wheat resistant to rust had 
more acid in its sap than the other varieties tested. 

Wheat seedlings do undergo rapid chemical changes of some sort. One 
of the fixing fluids which plasmolyzed the younger seedlings fixed them 
well a week later. There is no evidence in my work at present that would 
connect this general change with rust resistance. 

There seems little room in this particular case for the “starvation” 
theory of immunity tentatively discussed as one of the possibilities, by 
Ward (28-30), Marryat (ip), Gibson (i6) } Spinks (25), and others. At 
every point of entry into a host cell the fungus is either killed back or 
driven back for a short distance. When the reaction of the host is some¬ 
what deferred, the fungus makes a haustorium, and it evidently extracts 
food from the host—enough at least to let it grow on to new cells—and 
there is no evidence that this food is of an unsuitable nature. Here in these 
slower reactions we have, too, at least a hint that the harm done by the host 
to the fungus is due to a chemical reaction initiated after the entrance of the 
fungus intt> the host cell. The increased turgor of the host cell following 
its entrance points in the same direction. To be sure the fungus sooner 
or later exhausts itself in these unsuccessful attempts to enter into food 
relations with the host, but the observations recorded here suggest that 
in this case at least the failure of the fungus is due not so much, to lack 
of proper food in the host as to a specific reaction set up there which de¬ 
stroys the fungus. 

Ward (28-30), Marryat (19), Gibson (id), Orton (21), Stakman (26, 27)* 
and others favor the theory that immunity in plant diseases is due to 
antagonistic reactions between host and parasite analogous to the forma¬ 
tion of specific toxins and antitoxins in animal diseases, and lie limited* 
evidence presented here is in line with this. .. 
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SUMMARY 

The germination of the spores and the formation of the appressoria on 
the stomata take place in the same way in the susceptible and immune 
hosts. 

In Baart the fungus enters freely and grows rapidly. In Kanred, under 
greenhouse conditions, only a few of the fungi pass through the stomata; 
the rest remain outside until they shrivel and die. 

In a congenial host, numerous haustoria are formed. A slender- 
growing hypha strikes a host cell, swells at the tip, its pair of nuclei 
divide, and a septum is formed, marking off a short terminal cell. This 
haustorium mother cell is closely appressed to the host cell, forms a fine 
pore through its wall and the host wall, and its contents, including both 
the nuclei, which have decreased in size, and the cytoplasm, now pass in, 
forming the haustorium. The osmotic membrane of the host appears to 
be invaginated by the haustorium, but apparently is still intact. 

In Kanred the process is similar until a small haustorium is formed, 
which, either by its presence, or, as is more likely, by secreting some sub¬ 
stance in the host cell, sets up chemical reactions within that cell, causing 
its collapse and death. The further diffusion of toxic substances into 
healthy host tissues is checked by the formation of thickened contact walls. 
One or more of the substances formed in the host cell diffuse into the 
haustorium, killing it, and causing collapse of the mother cell and the 
death and plasmolysis of the hypha back of it for some distance. If this 
reaction is rapid, the haustorium is destroyed while still very small; if 
more sluggish, a full-grown haustorium may be formed and some nourish¬ 
ment for further growth be extracted by the fungus. 

Kanred possesses three means of defense against this strain of stemrust: 
stomata which shut out the majority of the fungi, the heavy contact walls 
adjoining pathological cells, and a true immunity. The observations 
recorded here are in line with the theory that immunity is due to definite 
antagonistic chemical interactions between host and parasite. 
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PLATE i 


A. —Longitudinal section of stoma of Baart bearing a fully formed appressorium. 

B. —Three appressoria at one stoma of Baart. The guard cell is plasmolyzed. 

C. —Cross section of appressorium at a hair cell on the ridge of the leaf. 

D. —Appressorium formed on a dead cell at the apex of a rib on a leaf of Hindu m, 
a durum wheat. A secondary appressorium has formed from the first. 

B.—Cross section of a leaf of Baart, showing stoma and substomatal chamber and 
the fungus in the act of entering the stoma. 

F. —Longitudinal section of stoma of Mindum, showing empty appressorium con¬ 
nected with the infecting hypha within. No substomatal vesicle formed. 

G. —Oblique longitudinal section from Mindum, showing large substomatal vesicle 
and four Infecting fayph«. 
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PLATE 2 

A. —Portion of 4-day mycelium showing a “runner” at a and a.', haustorium mother 
cells at b and e, and a young haustorium at c forming from the cell d. 

B. —Hypha, forcibly checked in growth by striking host cell, preparing to form 
haustorium. 

C. —Similar but slightly older. The tip of the hypha is swollen, the pair of nuclei 
have divided, and one daughter pair has moved to the tip. At b, a slightly later stage, 

D. —Septum formed a short distance back from the tip of hypha, forming the haus¬ 
torium mother cell. Its nuclei have decreased in size. Branch forming from hypha 
behind. 

...■ E. —Beginning of haustorium formation. The young haustorium is a peglike pro¬ 
jection into the host cell. Mother cell very dense. 

‘ F.—Slightly older haustorium differentiated into neck and body. Mother cell still 
dense in content. 

G. —Larger haustorium, still invested with a sheath of host cytoplasm. Contents 
of haustorium mother cell less dense. Its nuclei much smaller than those of hypha 
behind. 

H. —Entire contents of haustorium mother cell emptied into haustorium. 

1 /—Larger haustorium with denser core and heavy envelope of host cytoplasm, 
including a plastid at a. 

Drawings were made from preparations of Puccinia graminis iriiici on Baari. 




PLATE 3 

A. —Baart. A haif-gprown haustorium and the empty cell from which it arose. The 
nucleoles of the nuclei still visible. 

B. -yA cell of Baart {drawn on a smaller scale) showing two full-grown haustoria. 
Material fixed 6 days after inoculation. Host cell not visibly damaged, 

C. —Baart taken 7 days after inoculation. Cell of bundle sheath containing one half- 
grown haustorium and three full-grown ones. Host cell still normal. 

D. —Appressorium on stoma of Kanred, 6 days after inoculation. Tangential section. 

E. —^Longitudinal section of Kanred stoma 8 days after inoculation, bearing an 
appressorium which is slightly shrunken. 

F. -—Tangential section of Stoma and appressorium 10 days after inoculation. 
^.-^-Longitudinal section of Kanred stoma bearing withered appressorium 12 days 

after 







PLATE 4 

A. —Diagrammatic drawing of Kanred stoma representing the average of the meas¬ 
urements of 20 camera drawings of stoma. 

B. —Similar drawing representing the average Baart stoma. 

C. —Infecting hypha after attacking a mesophyll cell of Kanred. The contents of 
the host cell are collapsed, and its nucleus nearly dissolved. The haustorium mother 
cell a is shrunken, and the hypha below is plasmolyzed. 

D. —Later stage; one mesophyll cell attacked and its contents disordered. In¬ 
fecting hypha dead, substomatal vesicle still vigorous. 

E. —Oblique section showing remnant of infecting hypha. Contact wall between 
dead and living host cells thickened. 




PLATE 5 

A, —Entry of rust through Kanred stoma and the formation of four Infecting hyphae 
at a, b, d, and e. 

B. —Two substomatal vesicles at one stoma. One produced a single infecting 
hypha at a, killed the host cell at b f and died. The second exhausted itself in produc¬ 
ing six successive Infecting hyphae (No. i to 6) and killed a considerable patch o i 

host tissue* 









PLATE 6 


A. —Young growth of a small mycelium in Kanred. Haustorium mother cell at a, 
young haustorium without sheath of host cytoplasm at c, and host cell killed by the 

" fungus at e. 

B. —Older portion of same mycelium. Several empty haustorium-mother cells and' 
two large haustoria at b and c. Host cell contents collapsed about them.. Fungus not 
visibly harmed. 

C. —Large haustorium crumpled and dead. The haustorium-mother cell b col¬ 
lapsed and the hypha below it empty for a short distance. Host cell normal in appear¬ 
ance. 

D. —Later stage. Host cell and hypha both dead. 




AFTER-RIPENING AND GERMINATION OF APPEE 

SEEDS 1 


By George T. Harrington, formerly Scientific Assistant , and Bertha C. Hite, 

Scientific Assistant, Seed-Testing Laboratories, United States Department of Agri¬ 
culture 

When first matured and in intact condition, apple seeds are wholly 
incapable of germinating. Furthermore, as will be shown later, they do 
not acquire the power to germinate under the ordinary conditions for the 
storage of dry seeds, or under germination conditions at moderate or 
warm temperatures. 

It is the custom of nurserymen to layer apple seeds in sand and put 
them outdoors over winter. While this practice probably brings about 
good germination the following spring, Eckerson (8) 2 has shown that 
exposure to freezing temperatures is not at all necessary, as the seeds 
germinate well after being kept moist for a few months at 5 0 to 6° C. 
The present paper deals further with the effect of storage conditions, 
including the presence or absence of the seed coats and inclusion within 
or removal from the fruit, on after-ripening and germination. 

In the germination tests reported in this paper, usually 25 or 50 seeds, 
and sometimes 100 or 200 seeds, were used either in single tests or in 
duplicate tests, according to the number of seeds which were available. 
The tests were made in Petri dishes with moist blotting paper or absorb¬ 
ent cotton as seed bed. 

AFTER-RIPENING AT WW TEMPERATURES 

1. On October 28, 1918, Black Ben Davis apple seeds, which had never 
been allowed to become air dry, were thoroughly washed, sterilized by 
treating for two or three minutes with 1 per cent silver nitrate, washed 
again in running water, which carried chlorids enough to precipitate the 
silver still remaining on the coats, placed on moist blotting paper in a 
large Petri dish, and put away in an ice box where the temperature varied 
between about 5 0 and about io° C. By January 15 (two and one-half 
months) they had begun to germinate in the ice box. Ungerminated 
seeds from this lot in the ice box were then put to germinate at 20° and at 
25 0 . At each of these temperatures over 50 per cent of the seeds ger¬ 
minated in the next few days. The rest were used for catalase or respira¬ 
tion studies, so that complete germination tests were not obtained. 

2. On January 29, 1919, seeds of a mixture of varieties which had been 
removed from a cider press mash two months earlier and kept in dry 
storage during the intervening period were washed, sterilized with silver 
nitrate, and put to germinate at 20° and 30° C. Seeds from the same lot 
were washed, sterilized, and put away in the ice box to after-ripen. 

In the ice box those seeds which did not decay on account of injury in 
the press after-ripened completely in three or four months, and many ger¬ 
minated during this time, while still in the ice box. At the higher tempera¬ 
tures, however, about 90 per cent of those seeds which did not decay were 
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still dormant after six months, during which time they had received the fol¬ 
lowing treatments: (i) The outer seed coats were removed from all the 
seeds s at the end of 50 days; (2) for the next 68 days those previously at 
30° C. were given a daily alternation between 20° and 30°, while those 
previously at 20° remained at 20°; (3) both lots were then used in a 
respiration experiment which lasted two months, and in which the tem¬ 
perature was frequently changed, using temperature intervals of 19 0 to 
30°, 3G 0 to 19 0 , 19 0 to 10°, io° to o°, o° to 13 0 , 13 0 to 30 9 . Besides these 
temperature changes the seeds were washed in cold water between each 
two periods of the respiration experiment, or 20 times in all. None of 
these treatments had induced after-ripening or germination as had incu¬ 
bation in the ice box. 

3. Seeds of the same original lot as the foregoing, which were incubated 
for 50 days at 20° C. in intact condition, and then 68 days in the ice box 
with the outer seed coats removed, after-ripened completely during this 
time in the ice box, so that all germinated in 4 days at 19 0 . As shown 
in the preceding paragraph, seeds which were given identical treatment 
except that they were at 20° while these were in the ice box remained 
dormant. 

Seeds of the same original lot kept in dry storage for one year and then 
put to germinate at 16 0 C., 20°, and 23 0 in intact condition, with outer 
coats removed and with both coats removed, failed to germinate. With 
both seed coats removed, all embryos decayed within a week, without 
showing any of the signs of life which were exhibited by living embryos 
that were not after-ripened. 3 

In the preceding paragraphs, apple seeds have been shown to after- 
ripen when kept moist in the ice box after three conditions of previous 
treatment: 

(1) 'Seeds incubated in the ice box soon after removal from the fruit 
and without previously being allowed to dry out (2) Seeds stored dry 
for two months before the ice-box incubation. (3) Seeds stored dry two 
months and 'then incubated two months at 20° C. previous to ice-box 
incubation. In each case concurrent germination tests showed that the 
seeds had not after-ripened under any other circumstances than storage 
in moist condition in the ice box. Dry storage previous to the germina¬ 
tion test, removal of the outer seed coats, and alteration of temperatures 
during the germination test all failed to induce germination. Further¬ 
more, attempts to force germination by etherizing the seeds were not 
successful. 

We have found that seeds of another species of Pyrus, which were 
received from the Federal Horticultural Board of the United States 
Department of Agriculture, incapable of germinating when received by 
us, after-ripen in the ice box very much the same as the seeds of our 
cultivated apples. ■ ' ' . 

AFTER-RIPENING IN THE FRUIT DURING COLD STORAGE 

In the cases discussed hitherto, the seeds were removed from the fruits 
and after-ripened in the ice box under good conditions of moisture supply 
and aeration, the Petri dish covers being frequently removed to facilitate 
gaseous, exchanges. But this was also true of those seeds which were 
incubated at higher temperatures, at which they failed to after-ripen. 

^ t -—-- — - . 

a For description of the seed coats and the effect of their removal see p. 157, 
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The effect of the low temperature upon after-ripening, as previously 
reported by Eckerson (8) and now verified by us and as reported by 
Appleman (1), Crocker (5), Davis and Rose (7), and Davis, 4 and Jones 
(ij), for other kinds of seeds, suggested that apple seeds might after- 
ripen also in cold storage within the intact fruit. Ascherson (2), in fact, 
found a germinated apple seed in an undecayed fruit near the end of 
June. It seems certain that, in order to have remained sound so late in 
the year, this apple must have been kept where it was very cool most of 
the time. At any rate, the seed had become capable of germinating while 
within the fruit. 

Through the kindness of Dr. Brooks and Dr. Cooley of the Office of 
Fruit Pathology of this Department, material was secured for a study of 
the germination of seeds from cold-stored apples of several varieties. 
Table ! summarizes the results. 

A very small percentage of the seeds of varieties stored at o° C. until 
February 5, 1919, and a somewhat higher percentage (not more than 
3 per cent) of Newtown Pippin seeds stored at o° until May 7, 1919, had 
begun to germinate intracarpially by the time they were taken out of the 
fruit a few days after taking the apples out of cold storage. When put 
to germinate at 25 0 , a few days after removal from the fruits, about 
one-fifth to one-half of the seeds germinated promptly and vigorously. 
In every case, however, there was very little germination at 25 0 after the 
very incomplete germination of the first few days. In the ice box, on 
the contrary, germination started rather slowly but progressed gradually 
until practically complete in about three weeks. The temperature of the 
ice box occasionally rose considerably above io° for a short time but was 
usually between 5 0 and io°. At 20° germination was nearly complete 
in two weeks. 


Table I.— Germination of apple seeds after-ripened in cold storage and ice box 1 



Previous storage, successive periods. 

Germination. 

Variety, 


Room 

Ice^ 

Ice box. 

20° 

c. 

25° 

C 


o° C., in the fruit. 

tem- 








pera- 

ture. 

box. 2 

Days. 

Per 

cent. 

Days. 

Per 

cent. 

Days. 

Per 

cent. 



Days. 

Days. 








Oct. 29 to May 7, 
190 days. 

1 * 

6 

12 

72 

\ . 


II 

56 


J 


25 

IOO 

J 


Newtown 

, Oct. 29 to May 7, 

* 


f 12 

7 2 

} 13 

94 

II 


Pippin. 

190 days. 

1 

25 

IOO 

Nov. 28 to May 7, 

. 160 days. 

} 7 

1 

f 12 
l 25 

62 

94 

}«* 

98 

; 11 

3® 

York Im¬ 
perial. 

Oct. 1 to Feb. 5, | 
127 days. ; 

} 10 

4 

/ 7 

23 

1 . 


If 7 

22 


l 24 1 

94 

j 


l 24 

22 - 

Grimes 

Golden. 

c 

H 

| 

£ 

c 

4 

1 7 

32 

\ . 


j 7 

45 

fOct. 1 to Feb. 5, 

\ 127 days. 3 

' , 

D 


l 24 

IOO 

j" 


l 24 

50 

Jonathan.. 

} 10 

A 

1 7 

7 

X . 


{ 7 

25 


l 24 

93 

J | 


l 24 | 

25 


1 Some seeds had already germinated in the ice box before the beginning' of the germination lefts’. 
those not yet germinated were included in the tests. 

2 Most of the time at mom temperature the seeds were within the fruits; sometimes dry-stored afew d&ys 
after taking out. Jn the ice box the seeds, freed from the fruits, were incubated as for germination. 

® During the last two or three weeks of this time the Jonathan apples were kept at 5 0 C\ 

4 Davis, W. E. , primary, secondary, and tertiary dormancy in the embryos op ambrosia tririda. 
Paper read at meeting of Amer. Assoc. Adv. Sci, St. Louis, Jan., 192a Abstract fwA 
the author. (Not published.) 
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The germination of Newtown Pippin seeds at 25 ° C. decreased with 
increase in the length of time the seeds were kept at room temperature 
after cold storage in the fruit. Also York Imperial and Jonathan seeds 
which had been at room temperature for 10 days germinated only half 
as well at 25 0 as Grimes Golden seeds which had been at room tem¬ 
perature only 5 days. During the period at room temperature the 
seeds were either still inclosed in the fruit, or, if removed for a part of the 
time, were not allowed to become entirely air-dry. While the data at 
hand are not conclusive., the behavior of these seeds suggests that they 
were acquiring the condition of secondary dormancy which has been 
induced in a number of kinds of seeds by keeping the fully germinable 
seeds under conditions unfavorable for germination. Atwood (3), 
Crocker (5), Crocker and Harrington (< 5 ), and Zade (23, 24) have called 
attention to the assumption of secondary dormancy by various seeds in 
which the embryo is always capable of germination and dormancy is 
imposed by coat structures. Davis 5 and Jones (13) also have demon¬ 
strated the occurrence of this phenomenon in seeds in which, as in the 
apple seed, the dormant embryo itself is incapable of-germination, and 
in which coats play only a secondary role in dormancy. 

In January, 1920, seeds from Snow apples, which had been kept in a 
cold cellar in Vermont until early in January and were then sent by 
express to Washington, D. C., were put to germinate at 16 0 , 20°, 23 0 , 
and 27 0 C., and in an ice box where the temperature was about 4 0 to 5 0 
for a few days and then increased gradually to about io° at the end of 
the second week and 12 0 at the end of the third week. Table II shows 
their germination. 

In the ice box all of the seeds germinated in three weeks, although there 
was no germination in the first 10 days when the ice box was very cool. 
The percentage of germination decreased regularly with increase in ger¬ 
mination temperature. No seeds germinated after the first 7 days at 
temperatures above 20° C. and only a small percentage even at 16 0 C. 


Tabi*B II .—Germination of Snow apple seeds after-ripened in the fruit in a Vermont 
cellar. Germination test begun fan . 14, IQ20 


Percentage of germinated seeds removed in— 


Temperature. 1 

j 7 days. 

10 days. 

113 days. 

14 days, j 16 days. 

J19 days. 

! 

jar days. 

Total 

Ice box 1 .... 

16 0 C. ............ 

20° C.. . 

I 0 

1 5 - 

: 4S 
! 46 

12 

0 

12 

1 . 2 ; 

! 42 

| 8 , 

1 ' J 

! 36 12 

I 0 j 0 

6 

0 i 

1 

i 4 

! ' 2 

100 

74 

56 

46 

25 ° c... 

27° c. .... 

O j 
O : 

4 

0 

0 

2 j 0 

0 j o 

n f n 

0 

0 

0 





l 


0 

12 


1 Temperature 4° to 5* C. for about a week, then gradually rising to about io° at the end of the second 

week and 12 0 at the end of the third week. 


RELATION OF OXYGEN SUPPLY TO AFTER-RIPENING 

The fact that apple seeds after-ripen and sometimes even begin to 
germinate ■rothin the apples while these are still sound raises the question 
of the relation of oxygen to the processes of after-ripening. Atwood (j) 
has shown that the access of free oxygen in abundant supply is necessary*. 


s Davis, W. E.» op. at. 
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for the after-ripening of wild oats, while Kendo ( 18 ) has shown that abun¬ 
dant oxygen accelerates the after-ripening of rice, which, when fully 
after-ripened, will, according to Takahashi ( 22 ), germinate in entire 
absence of oxygen. Oxygen has also been shown by Kiessling ( 16 ) to 
accelerate after-ripening in cereals under certain conditions, and Hoffman 
( 12 ) has put forth the hypothesis that after-ripening of the cereals con¬ 
sists essentially of a storage of oxygen. Hiltner (11) and Kiessling (17) 
have also shown, however, that cereals after-ripen, though sometimes 
rather slowly, in closed vessels in almost entire absence of oxygen. If 
free oxygen is essential for after-ripening in this case, the seeds must be 
capable of using it when present in very low partial pressures, and very 
small quantities must suffice. Recent and earlier work by one of us 
(9, 10 ), as well as Atwood's work on wild oats, indicated that the embryos 
of-the cereals and some other grasses are never essentially dormant, 
the dormancy of the caryopses being imposed by coat structures which, 
in the wild oat at least, limit oxygen supply. Crocker (4) found a 
similar condition in Xanthium seeds. 

The case is different with apple seeds, in which the embryos are dormant 
and require time-consuming changes before they can germinate, even if 
freed from all surrounding structures. But with apple seeds we have 
found very low respiratory quotients at low temperatures which favor 
their after-ripening. There is, therefore, in apple seeds a storage of 
oxygen during after-ripening. Jones ( 13 ) has shown that the after- 
ripening of the similarly dormant embryos of sugar maple seeds is 
retarded, though not prevented, by inclosing them in desiccators, so that 
oxygen is rabidly replaced by respired carbon dioxid. Recent measure¬ 
ments by Magness ( 19 ) show that the concentration of oxygen within 
the core-of the apple is not much below that of the surrounding atmos¬ 
phere. The oxygen supply available to the seeds while inclosed within 
the fruit cannot, therefore, be considered physiologically deficient for 
their after-ripening processes, even if these depend upon a much greater 
abundance of oxygen than seems to be necessary for the after-ripening 
of sugar maple seeds. 

EFFECT OF REMOVAL OF THE SEED COATS 

The coverings of the embryos in a mature apple seed consists of: 
(1) A thick, brown, fibrous outer seed coat with open hilum; (2) a thin, 
translucent inner seed coat of very dense structure and without openings; 
and (3) a delicate, whiteish, cellular tissue, somewhat thicker than ‘the 
inner coat, and apparently endospermous. Layer 3 is closely adherent 
to layer 2, and it is impossible to remove the two separately, though the 
embryo is easily bared by removing them together. 

Removal of the outer seed coat has no effect on the germination of 
apple seed previously dry-stored or incubated for a short time at tem¬ 
peratures unfavorable for after-ripening. When the inner seed coats and 
adhering endosperm tissue are removed from such seeds, baring the 
embryos, many of the cotyledons enlarge slowly and, if in the light, 
become green. After a week or two some of the radicles show geotropic 
bending and slow elongation, but normal growth does not occur. 

When one or both of the seed coats are removed from after-ripened 
seeds germination is accelerated even under conditions under which the 
seeds would germinate in a few days if the coats were left intact. An 
example of this is furnished by Newtowfi Pippin seeds which were put 

22329—23-3 
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to germinate at 19 0 C. after cold storage in the fruit until May 7, 1919, 
followed by removal from the fruit and incubation in the ice box for 
about a week. With the outer coats removed 67 per cent germinated 
in 3 clays and 100 per cent in 6 days; with the outer coats left on 26 per 
cent germinated in 3 days and about 50 per cent in 6 days. 

The effect of the removal of the seed coats from seeds which have 
previously been incubated for a considerable time at temperatures un¬ 
favorable'’ for after-ripening, and which are still incapable of germinat¬ 
ing in intact condition is of special inters!, geeds of the cider press 
lot, which had remained dormant under germination conditions for 6 
months—4 months with outer coats removed—all germinated in 3 days 
after removal of the inner seed coats. 

With intact York Imperial and Newton Pippin seeds, which had been 
dormant under germination conditions for more than 5 months and more 
than 2 months, respectively, the respiratory intensity was increased 
more than four-fold in 24 hours by removal of the outer seed coats. The 
inner seed coats were then removed and all of the seeds germinated in 
the next 2 days. It is evident that these embryos were in a very differ¬ 
ent condition when freed from the coats than were the embryos of 
the cider press lot which were freed from the coats soon after putting to 
germinate 6 months earlier, and which then failed to germinate. Yet 
as far as ability to germinate with the coats on is concerned they showed 
no difference. There is here a joint action of the coats and of the con¬ 
dition of the embryo in imposing dormancy, whereas in the dry-stored 
seeds the same result is produced without the coats. It seems, therefore, 
that some part of the complex of processes which constitute after-ripen¬ 
ing must go on both at the higher temperatufes and at the after-ripen¬ 
ing temperatures. Apparently other processes, perhaps consisting es-* 
sentially in the removal of inhibitors to germination (which can also 
be dissipated or oxidized upon removal of the coats) take place only at 
the lower temperatures. 

In this connection Kidd’s work ( 14 ) on C 0 2 and Maze’s (20, 21) on 
acetic aldehyde as inhibitors to germination are of interest. Experi¬ 
ments show that there is a free interchange of oxygen and C0 3 responding 
in characteristic ways to differences in temperature, in the respiration 
of dormant apple seeds. This makes it seem unlikely that inhibiting 
concentrations of C 0 2 accumulate within their coats. That some other 
inhibiting substance is produced at higher temperatures and is held in 
in by the coats, or else, being initially present, is removed at lower tem¬ 
peratures, seems more plausible; but no work was done to test the valid¬ 
ity of such an assumption. 

An alternative hypothesis is Kidd and West’s conception (15) of a 
mechanical stimulus according to which dormant white mustard embryos 
are considered as in a state of very delicate equilibrium from which they 
are aroused to activity by the mechanical shock resulting from removal 
of the coats, without reference to any causal chemical change. 

The inner seed coats are very effective in preventing decay of the em¬ 
bryos during the after-ripening, whereas the thick hard outer seed .coats 
with their open hila are of little value in this respect. This was shown by 
seeds of the cider press lot, many of which had been so injured that it 
was impossible to prevent severe decay in the incubator even after care¬ 
fully discarding all seeds showing visible injury and surface sterilization . 
of the remaining seeds. Aftef 50 days’ incubation at 20°, 25°, and 
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30° C., about 50 per cent of these seeds were wholly deea} r ed, and the 
rest were entirely obscured by a dense mass of all sorts of micro-organ¬ 
isms. Observations a few days after first putting these seeds into the 
incubators indicated that in general only those seeds decayed in which 
the inner coat was injured. At the end of 50 days the outer coats of 
all the seeds were so softened and decayed that they were easily rubbed 
.off between the thumb and fingers in water. After thorough washing, 
these seeds, with the outer coats removed but the inner coats intact, 
were returned to the incubators where almost all of them remained 
in good condition during the following 4 months, although during a 
part of that time they were on moist blotters throughly infected with 
organisms of decay. 

SUMMARY 

(1) Apple seeds, when taken from the apples at their maturity, are 
incapable of germination. Etherization or the use of alternating tem¬ 
peratures does not bring about germination. 

(2) The dormancy is resident in the embryo. Naked embryos fail to 
germinate normally. 

(3) Apple seeds acquire the power to germinate—that is, they after- 
ripen, in a few months when kept moist at a temperature between 5 0 and 
io° C. They also after-ripen within the fruit in commercial cold storage 
(o° C) or in a cold cellar. They do not after-ripen in dry storage or 
when kept moist at 20° C. or at a higher temperature. 

(4) The relation of oxygen to after-ripening was not determined, but 
apparently a good supply of oxygen is always present within the core of 
the apples when they are kept at low temperatures. 

(5) After-ripened seeds will germinate completely in a few weeks in an 
ice box if the temperature is not too low. They germinate fairly well at 
20 0 C., but not as well at 25 0 . The optimum temperature for their ger¬ 
mination seems to lie somewhere between io° and 20° and to vary accord¬ 
ing to the condition of the seed or possibly according to the variety of 
apple. 

(6) There seems to be a tendency for the after-ripened seeds to go into 
a state of secondary dormancy when kept under conditions which pre¬ 
vent their germination. 

(7) The commercial practice of layering apple seeds out of doors over 
winter is not necessary in order to bring about their complete after- 
ripening and germination. 

(8) Removal of the outer seed coat has no apparent effect on com¬ 

pletely. dormant apple seeds. Removal of both seed coats causes some 
of the dormant embryos to make feeble growth, but these do not produce 
normal seedlings. \ 

(9) Removal of the outer coat or of both coats accelerates the germi¬ 
nation of after-ripened seeds. 

(10) Removal of the coats from seeds which have been incubated for a 
long time under germination conditions, but at a temperature too high 
for complete after-ripening, may induce prompt and vigorous germina- 
nation. Some phases of after-ripening must therefore take place at 
these higher temperatures, while others are dependent upon a Iowa* 
temperature, or upon the removal of the coats. 

(11) The inner seed coat is very efficient in preventing decay of the 
seeds, but the outer seed coat, with its dpen Mlum, is of little use in this 
respect. 
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MISCELLANEOUS TESTS OF CARBON TETRACHLORID 
AS AN ANTHELMINTIC 1 


By Maurice; C. Hall, Senior Zoologist, Zoological Division, Bureau of Animal Industry, 

and Jacob E. Shillinger, Veterinary Inspector , Insecticide and Fungicide Board , 

United States Department of Agriculture 

On the basis of what is known about it at present, carbon tetrachlorid 
(CC 1 4 ) promises to be an uncommonly valuable addition to the list of 
anthelmintics, having a high efficacy against worms of several sorts, 
an unusually deadly effect on bloodsucking worms, and a large margin 
of safety, so far as it has been tested, for most of the eight species of 
host animals used. It apparently offers a solution for several problems 
in removing worms which no anthelmintic has been heretofore known 
to solve satisfactorily. For these reasons it is a drug which deserves to 
be brought to the attention of veterinarians and of medical men in 
general 

HISTORICAL 

More than half a century ago carbon tetrachlorid was used to a slight 
extent as an anesthetic and analgesic. The literature on this subject 
has been briefly summarized by Hall (ij) 3 in a recent paper. For half 
a century this drug has been disregarded in medicine, though it has 
received more or less attention in other fields and is much used as a 
fire extinguisher, cleaner, insecticide, and solvent for ’fats, gums, etc. 
During 1921 Hall recommended it as an anthelmintic. In a paper by 
Hall (ij) it was reported as 100 per cent effective in removing hook¬ 
worms from dogs when properly administered in suitable doses. In 
another paper by Hall (15), experiments were reported on carbon tetra¬ 
chlorid -as a drug for the removal of bots and worms from horses, the 
drag being as effective as oil of chenopodium in removing Strongylus 
but somewhat less effective than carbon bisulphid (CS 2 ) in removing 
bots. In a third paper by Hall (16), carbon tetrachlorid was brought 
to the attention of the medical profession as being worthy of trial 
against human hookworms. In the same paper some toxicity tests of 
this drug on monkeys are reported, .the tests indicating that these 
animals will tolerate rather large doses without bad effects; and one 
test is reported in which the writer took a dose of 3 cc. of carbon tetra¬ 
chlorid without ill effects of any sort. In this paper we have summa¬ 
rized the published findings and added the results of our experiments. 

TESTS ON TURKEYS 

In the following experiments with carbon tetrachlorid on turkeys, 
four mature birds were used. The drug was given by means of a cath¬ 
eter passed down the esophagus. It is very easy to administer drugs 
to poultry in this way. 

Turkey No. 15.—Weight 6.33 kilos; dose rate 1 cc. per kilo; no 
worms passed in 4 days; feces scant but no ill effects noted. 


1 Accepted for publication Nov. $, 1922. Read in abstract at the tenth meeting of the Illinois State 
Veterinary Medical Association at Chicago, Dec. 2, 1921. 

2 Reference is made by number (italic) to “Literature cited,” p. 191-192. 
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Turkey No. 16.—Weight 5,68 kilos; dose rate 0.5 cc. per kilo; no 
worms passed in 4 days and no ill effects noted. 

Turkey No. 17.—Weight 6.5 kilos; dose rate 0.5 cc. per kilo; no 
worms passed in 4 days and no ill effects noted. 

Turkey No. 18.—Weight 5.5 kilos; dose rate 1 cc. per kilo; no 
worms passed in 4 days and no ill effects noted. 

The turkeys used were several years old and, as is often true of 
mature animals, were very lightly infested with parasites of the diges¬ 
tive tract. The only bird to show worm eggs in the feces at the begin¬ 
ning of the experiment was No. 15, which showed a few Capillaria 
present. The findings from these tests show nothing as to the anthel- 
■ mintic efficacy of carbon tetrachiorid since no post-mortem examinations 
were made, but they show that turkeys will tolerate doses of carbon 
tetrachiorid at the rate of 0.5 to 1 cc. per kilo of weight. From the 
following experiments on chickens it appears that turkeys will probably 
tolerate very large doses of carbon tetrachiorid. 

TESTS ON CHICKENS 

Carbon tetrachiorid was administered to 13 chickens by means of a 
catheter passed down the esophagus, the tests being made to determine 
anthelmintic efficacy and toxicity. The experiments were as follows : 

Bird No. 1.—Weight 1.505 kilos; dose rate 1 cc. per kilo; no worms 
passed in 3 days; post mortem, 1 spirurid in gizzard and numerous 
Hymenoiepis in small intestine. 

Bird No. 2.—Weight 1.45 kilos; dose rate 1 cc. per kilo; no worms 
passed in 3 days; post mortem, 5 Heterakis papillose and 1 Capillaria 
in ceca. 

Bird No. 3.—Weight 1.29 kilos; dose rate 1 cc. per kilo; passed 34 
Heterakis papillosa in 3 days; post mortem, 72 Tetrameres in proven- 
triculus, 6 spirurids in gizzard, and 6 H. papillosa in ceea. 

Bird No. 4,—Weight 1.175 hilos; dose rate 1 cc. per kilo; no worms 
passed in 3 days; post mortem, 13 Ascaridia perspidllum and numerous 
tapeworms in small intestine. 

Bird No. 5.—Weight 1.285 kilos; dose rate 2 cc. per kilo; passed 1 
Ascaridia perspidllum in 4 days; post mortem, few Gongylonema ingluui- 
cola in crop, few Capillaria and Hymenoiepis in small intestine, and 5 
Heterakis papillosa in cecum and large intestine. 

Bird No. 6.—Weight 1.07 kilos; dose rate 2 cc. per kilo; no worms 
passed in 4 days; post mortem, some Davainea proglottina in small 
intestine. 

Bird No. 7.—Weight 1.25 kilos; dose rate 2 cc. per kilo; no worms 
passed in 4 days; post mortem, 1 spirurid in gizzard, 15 Heterakis 
papillosa and 1 Capillaria in cecum. 

Bird No. 8.—Weight 1.385 per kilos; dose rate 2 cc. per kilo; no worms 
passed in 4 days; post mortem, few Tetrameres in proventriculus and 
few tapeworms in small intestine. 

Bird^N q. 9.—Weight 1.255 kilos; dose rate 2 cc. per kilo; no worms 
passed in 4 days; second dose at rate of 5 cc. per kilo, passed 2 Ascaridia 
perspidllum in 4 days; third dose at rate of 6 cc. per kilo, no worms 
passed in 3 days; fourth dose (7 days after third dose) at rate of %z cc. 
per kilo, no worms passed in 3 days; post mortem (12 days after fourth 
dose), 25 tapeworms in small intestine. 
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Bird No. 10.—Weight x.51 kilos, dose rate 2 cc. per kilo, no worms 
passed in 4 days; second dose at rate of 5 cc. per kilo, no worms passed 
in 4 days; third dose at rate of 7 cc. per kilo, no worms passed in 3 days;, 
fourth dose (7 days after third dose) at rate of 15 cc. per kilo, no worms 
passed in 3 days; post mortem (12 days after fourth dose), no worms 
present. 

Bird No. 11.—Weight 1.33 kilos; dose rate 3 cc. per kilo, passed 1 
Heterakis papillosa in 4 days; second dose at rate of 6 cc. per kilo, no 
worms passed in 4 days; third dose at rate of 8 cc. per kilo, no worms 
passed in 3 days; fourth dose (7 days after third dose) at rate of 18 cc. 
per kilo, no worms passed in 3 days; post mortem (12 days after fourth 
dose), 1 tapeworm in small intestine. 

Bird No. 12.—Weight 1.265 kilos; dose rate 3 cc. per kilo, no worms 
passed in 4 days; second dose (8 days after first dose) at rate of 10 cc. 
per kilo, no worms passed in 3 days; third dose (7 days after second dose) 
at rate of 20 cc. per kilo, no worms passed in 3 days; post mortem (12 
days after third dose), no worms present. 

Bird No. 13.—Weight 1.29 kilos; dose rate 4 cc. per kilo; passed 2 
Ascaridia perspicillum and 5 Heterakis papillosa in 4 days; post mortem, 
no worms present. 

The most striking feature of these experiments is the tolerance of 
chickens for carbon tetrachlorid. The largest single dose administered 
(bird No. 12) was at the rate of 20 cc. per kilo of weight of animal, which 
is approximately 67 times the therapeutic dose rate for removing hook¬ 
worms from dogs and foxes. In a period of 15 days this bird was given 
carbon tetrachlorid in quantities equivalent to a total at the rate of 33 cc. 
per kilo, or 110 times the therapeutic do$e for dogs. Bird No. 11 was 
given carbon tetrachlorid in a period of 15 days in quantities equivalent 
to a total at the rate of 35 cc. per kilo, or almost 117 times the therapeutic 
dose for dogs; this bird was given one dose of carbon tetrachlorid at 
the rate of 18 cc. per kilo, or 60 times the therapeutic dose for dogs. 
None of the birds showed signs of discomfort or injury as a result of the 
treatment, and on post-mortem examination they appeared normal 
except for some evidence of inflammation in the small intestine of the 
birds given repeated large doses (birds No. 9, 10, 11, and 12). The sur¬ 
vival of these birds and their good condition indicated that no serious 
injury had been caused by the drug. 

As regards efficacy, no worms of the superfamily Spiruroidea—those 
present in these birds being forms which live in the tissues along the 
digestive tract, including Cheilospirura hamulosa in the wall of the gizzard, 
Tetrameres sp. in the proventriculus, and Gongylonema inglwvicola in 
the wall of the crop—were found in the droppings after treatment. 
Apparently, the treatment was ineffective in removing these worms. 
However, it should be noted that none of these worms were found post 
mortem in the five birds which received large and repeated doses, and 
there is a possibility that flooding the digestive tract with large quantities 
of carbon tetrachlorid may have resulted in the death of the worms, with 
the failure to find them in the droppings owing to the worms having been 
destroyed by digestion. These worms are situated in the anterior 
portion of the digestive tract and it seems reasonable to suppose that they 
would be destroyed and digested, at least.to an extent which would 
make the fragments unrecognizable in the droppings. It would appear 
quite unlikely that worms would pass through the gizzard without being 
fragmented. 
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The drug apparently was entirely ineffective in removing hairworms 
of the genus Capillaria in cases where it was given in single doses of i or 
2 cc. per kilo, but the failure to find these worms post mortem in the five 
birds given large and repeated doses suggests that these doses may have 
killed the worms although the dead worms were not found in the feces, 
owing to their small size and the difficulty of finding them. 

As regards the efficacy of the drug against Ascaridia perspicillum , it 
failed to remove any of these worms from one bird when given at the rate 
of i cc. per kilo but removed all the worms present in three cases when 
given at the rate of 2, 4, and 5 cc. per kilo. 

As regards its efficacy against Heierakis papUlosa , carbon tetrachlorid 
In doses of 1 or 2 cc. per kilo failed to remove any of a total of 25 worms 
present in three birds. In another case the drug, at a dose rate of 1 cc. per 
kilo, removed 34 of 40 worms present, or 85 per cent. In the case of the 
five birds given large and repeated doses, no worms were found post 
mortem, this fact suggesting that some worms may have been removed al¬ 
though not found in the droppings. These findings suggest that the drug 
may be effective when it actually enters the ceca and gets in contact with the 
worms present. They also suggest that the entrance of the drug might 
be insured by the use of large or of repeated doses. This would appear 
to be feasible in conditions where the presence of these worms warranted 
it, inasmuch as the drug appears to be quite safe and well tolerated in 
large doses. 

The drug was quite ineffective against tapeworms in chickens, as in 
other animals. 

An additional test of the effect of carbon tetrachlorid on chickens 
(Rhode Island Reds) was conducted as follows: 16 chickens, of which 8 
were 1 year old and 8 were 2 years old, weighing on an average about 5 
pounds each, were each given 1.5 fluid drams, about 5.5 cc., of carbon tetra¬ 
chlorid by catheter to the crop, the birds not being fasted. The dose rate 
was about 2.27 cc. per kilo. The egg production for the 10 days previous 
to treatment averaged 9.6 eggs a day; for the day of treatment, May 14, 
it averaged 8 eggs; and for the 10 days folio-wing treatment, it averaged 
10.8 eggs a day. It is evident from these results that the treatment had 
no deleterious effect on egg production. On the other hand, it could 
not be assumed from one test on 16 chickens that the increase in egg 
production, amounting to 1.2 eggs a day, was correlated with the admin¬ 
istration of carbon tetrachlorid. 

Hall and Shillinger 3 report some experiments with drugs injected 
by rectum into chickens for the removal of the cecum worm, Heierakis 
papUlosa , the drugs used including carbon tetrachlorid. Six chickens, 
weighing about 1.5 pounds each, were inj ected with this drug. The quan¬ 
tities given and the results obtained in removing H. papUlosa are as 
follows: 

No. 14; id cc.; passed 79 worms; post mortem, no worms; efficacy, 100 
per cent. 

No. 15; 10 cc.; passed 2 worms; post mortem, no worms; efficacy, 100 
per cent. 

No. 16; 5 cc.; passed 1 worm; post mortem, no worms; efficacy, 100 
per cent 


aild SaaUNGER, Jacob E. the removal or heterasods from the ceca Off 
■CWCREHS BY RECTAL injections Off anthelm^tics. In Join. Amer. Vet, Med. Assoc. (In press.) 
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No. 17; 5 cc.; passed 110 worms; postmortem, 10 worms; efficacy, o 
per cent. 

No. 18; 3 cc.; passed 24 worms; post mortem, 70 worms; efficacy, 35.5 
per cent. 

No. 19; 2 cc.; passed 41 worms; post mortem, no worms; efficacy, 100 
per cent. 

Total worms passed, 147; total remaining post mortem, 80; efficacy, 65 
per cent. 

All the worms were removed from 4, or 66.6 per cent, of the 6 birds 
listed above. While the smallest dose, 2 cc., was as effective as the 
largest dose, the removal of all the worms present seems more certain 
where the larger doses are used. The most satisfactory treatment for the 
removal of these worms was found to be the rectal injection of 0.1 cc. of 
oil of chenopodittm in 5 cc. of a bland oil (cottonseed oil). The dose for 
birds weighing 3 pounds or more w r ould be double this, or 0.2 cc. in 10 cc. 
of bland oil. The injections 'were made with an infant’s-size rectal 
syringe of hard rubber, the tip of the syringe being passed along the floor 
of the cloaca and the fluid injected slowly. 

TESTS ON RABBITS 

The following tests of the toxicity of carbon tetrachlorid administered 
by stomach tube to rabbits were conducted: 

Rabbit No. 7213.—Weight 2.055 kilos; dose 5 cc. per kilo; animal off 
feed for a few days, but no other ill effects noted; discharged from experi¬ 
ment eight weeks later. 

Rabbit No. 72x4.—Weight 1.755 kilos; dose 10 cc. per kilo; animal 
stupid the following day, dull and weak the second day, found dead the 
morning of the third day; post mortem, stomach inflamed and slightly 
hemorrhagic in cardia, small and large intestines showed areas of sub¬ 
mucous hemorrhages and some hemorrhage to lumen, liver pale, heart 
muscle injected, anterior lobes of lungs congested and some marginal 
edema present, peritoneal fluid excessive and slightly sanguineous, blad¬ 
der apparently normal. 

Rabbit No. 7215.—Weight 1.97 kilos; dose 15 cc. per kilo; animal 
died the following day; post mortem, stomach inflamed showing 
hemorrhagic areas, small intestine with areas of inflammation and 
ecchvmoses, large intestine congested, carbon tetrachlorid recovered 
from stomach and large and small intestines, heart vessels congested, 
lungs showed more or less extensive capillary hemorrhage, vessels of 
urinary bladder congested. 

Rabbit No. 7216.—Weight 1.65 kilos; dose 20 cc. per kilo; animal 
died the following day; post mortem, evidence of diarrhea, gastric cardia 
showed hemorrhagic eroded areas, ecchvmoses in small intestine, large 
intestine congested, carbon tetrachlorid recovered from stomach and 
large and small intestines, heart vessels congested, urinary bladder empty 
and its blood vessels injected. 

These tests indicate that rabbits will tolerate doses of carbon tet¬ 
rachlorid at the rate of 5 cc. per kilo, but will die in the course of 2 days 
after a dose at the rate of 10 cc. per kilo and within 24 hours after a dose 
at the rate of 15 or 20 cc. per kilo. The minimum lethal dose rate is 
therefore between 5 and 10 cc. per kilo, apparently close to 10 cc. per 
kilo. The experiment indicates that carbon tetrachlorid passes through 
the digestive tract unabsorbed in most part, but that in large doses 
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enough may be absorbed to cause death. The dose which was tolerated, 
at the rate of 5 cc. per kilo, would give a safety factor of almost 17 on 
the basis of the therapeutic close for dogs—namely, 0.3 cc. per kilo. 
This is a distinctly lower safety factor than that for this drug in the case 
of dogs, but it is nevertheless a high safety factor for drugs in general. 
A very casual determination by water displacement of the gastric capac¬ 
ity of a rabbit weighing 7 pounds (a little over 3 kilos) showed it to be 
about 200 cc. Ten cc. per kilo being considered as the minimum lethal 
dose, the minimum lethal dose for this rabbit would be over 60 cc., or 
more than 30 per cent of the gastric capacity. A rabbit weighing 1.97 
kilos had a gastric capacity of 125 cc. of which the minimum lethal dose 
would equal almost 16 per cent, and a rabbit weighing 1.65 kilos had a 
gastric capacity of 120 cc. of which the minimum lethal dose would equal 
almost 14 per cent. 

TESTS ON BOGS 

In a paper by Hall (ij) f already referred to, tests were reported of the 
use of carbon tetrachlorid on 30 dogs. These tests showed that when 
administered in hard capsules in doses of 0.3 cc. per kilo of live weight—a 
dose of 3 cc. for a dog of average weight, 10 kilos (22 pounds)—this drug 
would remove all the hookworms present. Apparently, no purgation is 
necessary and the drug itself is not constipating. Equally good results 
were obtained by the use of a solution containing 10 grains of thymol to 
i cc. of carbon tetrachlorid, the solution being given at the same dose 
rate as the carbon tetrachlorid alone, 0.3 cc. per kilo. One hundred per 
cent efficacy was also obtained by the use of a solution containing 3 parts 
by volume of carbon tetrachlorid and 1 part of oil of chenopodium, the 
solution being given at the same dose rate as the carbon tetrachlorid 
alone. The removal of all hookworms present by carbon tetrachlorid, 
or mixtures containing this drug, from a series of infested dogs is a result 
which it has been impossible to obtain in scores of experiments with 
chenopodium, chloroform, thymol, and other drugs. It apparently 
solves the problem of treatment for hookworm disease in dogs. It has 
been favorably reported on by Smyth (29), and we have had favorable 
reports in correspondence from and in conversation with a number of 
veterinarians in various parts of the United States. Bruxnley in 1922 
stated: “I wish to report that carbon tetrachlorid has given us excellent 
results in removing hookworms from dogs. Its use has demonstrated 
its superiority over any of the other anthelmintics used to date. M Dr, 
D, E. Buckingham, of Washington, D. C., tells us that he has given it 
to more than 500 dogs and cats with no bad results, even in the case of 
pups 2 weeks old or kittens 3 weeks old. 

When administered in hard capsules at the dose rate stated above, 
carbon tetrachlorid removed not only all the hookworms, but also all 
the ascarids present. Other experiments at different dose rates indicate 
that this drug is probably not so effective against ascarids as is oil of 
chenopodium, but it appears to be only second to this highly effective 
drug In removing these worms. 

Carbon tetrachlorid is substantially as effective in removing whip¬ 
worms as is any other good anthelmintic. In a general way one may 
say that almost any anthelmintic will remove whipworms if it comes in 
contact with them, but the establishment of such a contact is usually a 
matter of accident. If an anthelmintic enters the cecum after passing 
the ileocecal valve it will probably remove the whipworms with which 
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it comes in contact. If the anthelmintic passes from the ileocecal valve 
down the colon, it will not come in contact with the whipworms in the 
cecum, and except in very heavy infestations the whipworms present are 
usually found clustered near the tip of the cecum. In the experiments 
on dogs it was reported that when carbon tetrachlorid was administered 
in capsules at a dose rate of 0.1 or 0.2 cc. per kilo it removed no whip¬ 
worms, at a dose rate of 0.3 cc per kilo it removed less than 10 per cent 
of the whipworms, and at a dose rate of 1 cc. per kilo it removed 100 per 
cent of the whipworms present in one dog. These results suggest that the 
problem of removing whipworms by insuring the entrance of the drug 
into the cecum might be solved in either of two ways. One of them is 
to give repeated small doses of some anthelmintic which is not a gastro¬ 
intestinal irritant, such as santonin, over a period of a number of days 
in order that the entry of the drag into the cecum be Insured by in¬ 
creasing the number of its chances to enter the cecum. This is a method 
which has been tested and proposed by Hall (9, 12). Another solution 
of the problem would be to employ a drug which could be used in such 
large quantities that its entrance into the cecum would be insured be¬ 
cause of the large quantity used. Carbon tetrachlorid might be such a 
drug, though this remains to be proved. However, it will be noted that 
as the dose rate for this drug was raised, the efficacy increased from 
o to 100 per cent, the latter result being attained with a dose of 1 cc. per 
kilo. Tests of toxicity were reported by Hall (22), showing that dogs 
would survive a dose of 1.5 cc. per kilo without showing symptoms of 
injury or any evident lesions post mortem. 

We have carried on additional toxicity tests of this drug on dogs as 
follows: Three dogs (No. 436, 425, and 426) weighing, respectively, 
20.5 pounds (about 9 kilos), 21.5 pounds (about 10 kilos), and 39.5 
pounds (about 18 kilos) were each given 10 cc. of carbon tetrachlorid 
In capsules. Seven days later they were given, respectively, 30, 50, 
and 60 cc. of this drug by catheter to the stomach, a dose rate of 3.33 
to 5 cc. per kilo. Thirty-nine days later the first two of these dogs 
(No. 436 and 425) were given, respectively, 91 to 60 cc. by catheter to 
the stomach. At this time dog No. 436 weighed 13 kilos, the dose rate 
being 7 cc. per kilo. One week later, dog No. 425, previously given 
60 cc. of carbon tetrachlorid, was given 156 cc., or 12 cc. per kilo; and 
another dog, No. 424, weighing 20 kilos, was given 240 cc,, or 12 cc. 
per kilo. A little less than two months later, dog No. 424 was given 
320 cc., or 16 cc. per kilo. These animals showed no bad effects imme¬ 
diately after treatment or subsequently. Since no bad effects were 
observed, the highest dose rate, 16 cc. per kilo, gives a safety factor of 
over 53 for the therapeutic dose of 0.3 cc. per kilo. The two doses being 
considered, dog No. 424 received in less than two months 560 cc,, or 
28 cc. per kilo, or more than 93 times the therapeutic dose. At a single 
dose this dog received over 53 times the therapeutic dose. These figures 
indicate that carbon tetrachlorid is uncommonly safe. The therapeutic 
dose of oil of chenopodium for the removal of all ascarids present is 
0.1 cc. per kilo. The minimum lethal dose is 0,5 cc. per kilo. This 
gives a safety factor of 5. So far we have failed to find the minimum 
lethal dose rate for carbon tetrachlorid, since our dogs have survived 
what we regarded as dangerously high doses; but the present ascertained 
safety factor is over 53, or more than ten times as great as that of oil of 
chenopodium as an effective drag for ascarids compared with that of car- 
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bon tetrachlorid as an effective drug for hookworms. This bears out the 
supposition that it may prove feasible and safe to flood the digestive 
tract of dogs with sufficient carbon tetrachlorid to kill whipworms. A 
safety factor of 53 is a very high safety factor for drugs. According 
to Hall and Wigdor (21) the gastric capacity of the average dog is about 
1 liter or a little less. At a dose rate of 16 cc. per kilo, a dog of average 
weight (10 kilos) could take with safety 160 cc., or about one-sixth (16 
per cent) of its stomach capacity of carbon tetrachlorid. 

In a paper by Hall (13) it is noted that this drug is not of value in 
removing tapeworms of the genus Dipylidntm , and probably will not 
be valuable in removing any tapeworms. 

We have carried on a few tests to determine the efficacy of carbon 
tetrachlorid when administered in soft capsules. Theoretically, the 
drug should be as effective when given in soft capsules as when given 
in hard capsules,. but since some chemicals harden soft gelatine capsules 
and in time harden them to the point where they wall pass the digestive 
tract unopened, it seems advisable to determine something definite in 
regard to the possible effects of carbon tetrachlorid on gelatine and the 
efficacy of the drug when administered in soft capsules. In the following 
tests the capsules used by us were from two lots, one less than 3 months 
old and the other over 4 months old but less than a year old, the date 
of manufacture not being definitely known to us. 

Dog No. 488.—Weight 13,5 pounds (approximately 6 kilos); given 
1.5-cc. soft capsule; no worms passed; postmortem, fourth day, 14 
hookworms, 46 whipworms, 31 Dipylidimn caninum; efficacy, o per 
cent against hookworms, whipworms, and tapeworms. 

Dog No. 489.—Weight 19 pounds (approximately 9 kilos); given 
one 3~ce. soft capsule; first day, 16 ascarids, 1 whipworm; second day, 
7 whipworms; third day, 2 whipworms; post mortem, fourth day, 28 
whipworms, 2 Dipylidium caninum; efficacy 100 per cent against ascarids, 
26 per cent against whipworms, o per cent against tapeworms. 

Dog No. 491.—-Weight 24 pounds (approximately 11 kilos); given 
one 3~cc. soft capsule; second day, 1 whipworm; fourth day, 2 hookworms, 

1 whipworm; post mortem, fourth day, 74 whipworms; efficacy, 100 
per cent against hookworms, 2.6 per cent against whipworms. 

Dog No. 492.—Weight 23 pounds (approximately 10.5 kilos) given 
one 3~cc, soft capsule; first day, 2 ascarids; post mortem, fourth day, 
10 whipworms; efficacy, 100 per cent against ascarids, o per cent against 
whipworms. 

In the foregoing tests the doses are approximately the therapeutic 
doses ^ for the weights of the animals. The drug was 100 per cent- 
effective against ascarids in the case of the two infested animals, 7 per 
cent effective against whipworms, and o per cent effective against tape- 
worms. It was 100 per cent effective against hookworms in-thiMiRse 
of one dog and o per cent effective in the case of another. These findings 
must be considered in the light of the fact that all four dogs showed 
hookworm eggs on preliminary fecal examination. It appears, therefore, 
that there is some likelihood that all the feces passed were not collected 
by the attendant and that the other two dogs may have had all their 
hookworms removed by the treatment. Ignoring these doubtful cases, 
we may say that carbon tetrachlorid given in soft capsules in approxi¬ 
mately the therapeutic dose of 0.3 cc. per kilo may remove all the hook¬ 
worms present or may leave many or all of them. The dependability" 
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of the drug appears to be lessened by the use of the soft capsule, but 
the number of tests here are entirely too small to warrant a positive state¬ 
ment. However, it may be pointed out that Hall (10, 11) did not find 
chloroform administered in soft gelatine capsules so effective as when 
administered in hard capsules or in castor oil. It seemed possible that 
chloroform exerted a hardening effect on the gelatine,' preventing'' the 
capsules from opening in time to come in contact with the worms. This 
same possibility may be true of carbon tetrachlorid, which is closely 
related to chloroform. 

In connection with reiterated recommendations that only the chemi¬ 
cally pure carbon tetrachlorid be used, it is of interest to note that Dr. 
W. J. Ratigan has reported in correspondence the deaths of two dogs 
treated for worms by their owners under circumstances indicating that 
commercial carbon tetrachlorid was used. 

TESTS ON CATS 

Tests of carbon tetrachlorid showed that a dose rate of 0.3 cc. per 
kilo was well tolerated by cats. We have already noted that Doctor 
Buckingham reports favorably on the use of carbon tetrachlorid in the 
case of these animals. Dr. 0 . V. Brumley, of the Ohio State University, 
writes in regard to it under date of April 12, 1922: “It has been a great 
help, particularly in the treatment of hookworm in dogs and cats.” 

In order to ascertain the minimum lethal dose of carbon tetrachlorid 
for cats we carried out the following experiments: 

Cat No. 3.—Three-months-old kitten, weighing 890 gm. Given 10 cc. 
of carbon tetrachlorid, a dose rate of slightly over 11.23 cc. per kilo, by 
stomach tube, a catheter being used as a tube. Treatment was given 
at 8.30 a. hi. Within a half hour the animal vomited some food and 
2 immature ascarids. It refused to eat and appeared stupid. The next 
morning it was found dead. There was a considerable quantity of carbon 
tetrachlorid in the posterior third of the small intestine; the intestine 
was empty anterior to this but contained some ingesta in the posterior 
portion. The stomach and intestine showed very little inflammation. 
No worms were found post mortem. This animal was thin and in poor 
condition when treated. 

Cat No. 4.—Three-months-old kitten, weighing 1.54 kilos. Given 
15 cc. of carbon tetrachlorid, a dose rate of 9.74 cc. per kilo, by stomach 
tube at 8.30 a. m. Within a half hour the animal vomited some food 
and 1 mature ascarid. The animal became weaker that day and the 
next day, dying the second night after treatment. The organs appeared 
normal on macroscopic examination except for a considerable quantity 
of mucous material in the small intestine. No worms were found post 
mortem. 

Cat No. 5.—Six-weeks-old.kitten, weighing 675 gm. Given 3 cc. of 
carbon tetrachlorid by stomach tube, a dose rate of slightly over 2 cc. 
per kilo. During the second hour after treatment the cat vomited 
2 ascarids and during the night it passed 6 ascarids. The cat was very 
sick for several hours, showed improvement in 6 hours, and was appar¬ 
ently normal in 2 days, continuing in good health for 2 weeks, at the end 
of which time it was given a larger dose. 

Cat. No. 6.—Six-weeks-old kitten, weighing 700 gm. Given 4 cc. of 
carbon tetrachlorid by stomach tube,^a dose rate of 2.8 cc. per kilo* 
Within an hour the cat vomited 9 ascarids and during the night it passed 



172 


Journal of Agricultural Research 


Vol. XXIXX. No. 3 


2 ascarids. The subsequent history was the same as that for No. 5, but 
the symptoms were less severe following a larger dose (to be reported 
below). 

Cat No, 7.—Six-weeks-old kitten, weighing 960' gm. Given 4.8 cc. of 
carbon tetrachlorid by stomach tube, a dose rate of 5 cc. per kilo. Within 
an hour the cat vomited 3 ascarids and during the night it passed 14 as¬ 
carids. The subsequent history was the same as for No. 5 and 6, 
but the symptoms were more severe following a larger dose (to be re¬ 
ported below). 

Two weeks after these animals (No. 5, 6, and 7) had been given the 
foregoing treatments, they, now 2 months old, were given larger doses 
of carbon tetrachlorid as follows: 

Cat No. 5,—Weight 620 gm. Given 3.72 cc. of carbon tetrachlorid by 
stomach tube, a dose rate of 6 cc. per kilo. The animal vomited within a 
half hour after treatment but did not seem greatly affected. It drank 
milk 3 or 4 hours after treatment and seemed quite normal the following 
day. 

Cat No. 6,—-Weight 740 gm. Given 5.18 cc. of carbon tetrachlorid by 
stomach tube, a dose rate of 7 cc. per kilo. The animal did not vomit 
after treatment and did not seem greatly affected by it. It drank milk 

3 or 4 hours after treatment and seemed quite normal the following day. 

Cat No. 7.—Weight 940 gm. Given 7.52 cc. of carbon tetrachlorid 

by stomach tube, a dose rate of 8 cc. per kilo. This animal showed pro¬ 
fuse salivation after treatment and pronounced evidence of intoxication. 
There was evident improvement in its condition in the course of 3 or 4 
hours, and it seemed quite normal the following day. 

So far as conclusions can be safely drawn from these experiments, it is 
evident that carbon tetrachlorid has a wide margin of safety between 
the therapeutic dose of 0.3 cc. per kilo and the minimum lethal dose. 
Cats No. 3 and 4 were not in very good physical condition, and it is possi¬ 
ble that stronger animals would have survived the doses which killed 
these animals. At any rate, the survival of animals given 8 cc. per kilo 
gives an indicated safety factor of almost 27, which is considered high. 
It indicates that members of the Felidae, as well as of the Canidae, 
are highly tolerant of carbon tetrachlorid. 

In connection with the effects of carbon tetrachlorid taken in milk by 
one of the writers and discussed later in this paper, the drug was given as 
follows to cats No. 6 and 7 five days after they were given the second dose 
as reported in the preceding tests: 

Cat No, 6.—Given 3.7 cc., a dose rate of 5 cc. per kilo, in 5 cc. of rich 
milk. The animal did not vomit, and showed no ill effects. 

Cat No. 7.—Given 3.7 cc., a dose rate of almost 4 cc. per kilo, in 5 cc. 
of olive oil. The animal did not vomit, and showed no ill effects. 

The use of milk and oil did not result in an evident increase of toxicity. 

The same day on which these cats were treated the third time, cat No. 

5 was killed and examined post mortem. There were no worms 
present. The liver was light-colored. 

TEST ON FOXES 

The writers have carried on no experiments with carbon tetrachlorid 
for removing worms from foxes, but a number of reports of such experi¬ 
ments, in conversation and in correspondence as well as in published 
papers, have come to their attention. So far these reports have been 
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quite favorable, both as regards the efficacy of the drug against hookworms 
and as regards its safety. This is a matter of considerable interest and 
importance, since hookworms, mostly Uncinaria stenocephala, are very 
common in fur foxes raised in captivity, and because of the value of these 
animals, some of them being worth $900 to $2,000, or more, a pair, the 
loss of an individual animal is a serious matter. One fox raiser states 
in correspondence that in the last two years he has lost at least $50,000, 
mostly because of hookworms. This man has reported some interesting 
experiments on the administration of carbon tetrachlorid to foxes. 
In two cases a capsule containing 1.55 cc. of carbon tetrachlorid was 
pushed into the windpipe, causing death in 1 to 2 minutes. This, of 
course, is a matter of technic. 

In administering capsules to hundreds of dogs we have never pushed 
one into the windpipe. However, it is difficult to avoid this in foxes, 
since the capsules are given to adult foxes with a balling gun, a much 
less sensitive instrument than the fingers. Doctor Hanson tells us that 
capsules may be administered with the fingers to fox pups up to 6 weeks 
old. This would appear to be the safest and best mode of administration 
for fox pups. The fox raiser referred to above gave to 3 foxes, weighing 
about 15 pounds each, doses of about 18.6 cc. of carbon tetrachlorid 
by drench, a dose rate of approximately 2.7 cc. per kilo. All the ani¬ 
mals showed convulsions, probably as a result of inhalation intoxication, 
and 1 of them died, the other 2 recovering. A report on these cases 
has been published by Hall (17). 

Jeffreys (24) recommended for dosing pups, the use of ordinary syringe 
rubber tubing 5 inches long with an outside diameter of inch and a 
bore of 34 hich, the tip to be rounded with sandpaper. This is fitted 
with a pliable plunger with a button in the end outside of the tube and 
with the other end blunt. The mouth of the fox is held open with a 
speculum, and the end of the tube is oiled and inserted into the upper 
end of the esophagus before the capsule is discharged. The drug is given 
in capsules of sizes No. o, 1, 2, and 3. 

Fitzgerald (6) has described and figured a balling gun and speculum 
suitable for the administration of capsules of carbon tetrachlorid to foxes, 
and has discussed the technic of this treatment. The balling gun 
has a rigid barrel, prolonged by a flexible tip, and is provided with a 
flexible plunger. 

The survival of 2 animals out of 3 after such a large dose as 18.6 cc. 
by drench is especially interesting in view of the report by Allen (1) on 
the effect of various anthelmintics on foxes. He found that chloroform 
was extremely toxic for foxes, killing 50 per cent of the animals treated, 
even though the dose used was too low to secure satisfactory anthelmintic 
action. He found that thymol in a dose which was 87.8 per cent effective 
against hookworms killed 18.7 per cent of the animals treated; when the 
dose was reduced to give an efficacy of 33 per cent, the fatalities totaled 
5.8 per cent of the animals treated. It would therefore appear that 
carbon tetrachlorid solves the question of safety in treating foxes for 
hookworms, for the therapeutic dose rate of 0.3 cc. per kilo for removing 
hookworms (the dose for dogs and the one which has been used on foxes 
with satisfactory results in a number of cases which have come to our 
attention) has a safety factor of 9 when compared with the dose rate of 
2.7 cc. per kilo which was survived by 2 out of 3 foxes to which it was 
administered in a drench. Allen (2) has since stated that he has used 
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carbon tetrachlorid in comparatively few cases with, apparently good 
results. Subsequently lie (j) has reported that in the treatment of 399 
foxes 95 per cent of the hookworms present were removed. Seven foxes 
were killed by the treatment, probably from inhalation intoxication in 
most cases, due to accidents in administration. Allen (4) has reported 
critical tests on 23 foxes and finds an efficacy of 93 per cent against hook¬ 
worms. A small quantity of castor oil was given by him in connection 
with the administration of the carbon tetrachlorid in capsules. 

Jeffreys (24) has reported the treatment of 69 fox pups, 17 days old 
to 5 weeks old, without evidence of discomfort or ill effects, which indi¬ 
cates the safety of carbon tetrachlorid since drugs in general—and this 
is true of anthelmintics—are much more toxic to young animals than to 
mature animals. Jeffreys found the drug 100 per cent effective against 
hookworm and ascarids. He also reports that it is 100 per cent effective 
in removing intestinal flukes from foxes. According to Jeffreys, the use 
of carbon tetrachlorid “ is worth thousands of dollars to every fox rancher.” 

In another paper, Jeffreys (23) states: “An efficient remedy for the 
removal of hookworms was unknown a year ago, and the blue fox rancher 
was greatly handicapped. Now ... we have an efficient remedy 
in the form of carbon tetrachloride. With this problem of parasites 
practically solved the rancher will have greater success in developing 
the blue fox industry.” 

When capsules break in the mouth and the drug enters the lungs, 
animals can be revived in many cases by artificial respiration. In view 
of the fact that carbon tetrachlorid and its vapors are very heavy, it 
would probably be advisable to hold the animal with its head down to 
assist in mechanically clearing the lungs. 

At the present time effective treatment for the removal of hook¬ 
worms from foxes is a matter of special interest, since fur foxes can not 
be imported into the United States if they are infested with hookworms. 
Previously, the majority of foxes could not be admitted to this country, 
since they are usually infested and no drug then known appeared to be 
safe and effective. Allen (4) also found carbon tetrachlorid effective in 
removing ascarids from foxes. We have no reports at present as to its 
value in removing whipworms, but what is true of it in the case of the 
same worms in dogs will probably be true of it in the case of the worms 
in foxes. 

TESTS ON SWINE 

The worm of greatest importance in the case of swine in this.country 
is the large roundworm, or ascarid, (Ascaris lumbricoid.es ). It has added 
interest because it has been generally accepted by parasitologists of late 
years that the ascarid of swine and the ascarid of man are identical; this 
conclusion is reached by Bakker (5) in a recent detailed study. Inasmuch 
as the tests on dogs indicated that carbon tetrachlorid would remove as¬ 
carids from these animals, and in view of the fact that chenopodium, the 
most effective drug known for the removal of ascarids, is of variable com-' 
position and occasionally gives rise to toxic effects, especially when given 
with inadequate purgation, we carried out some tests of carbon tetra¬ 
chlorid against ascarids in swine as follows: A 

A series of 4 pigs, weighing 18 to 24 pounds, were given 6 cc. of carbon 
tetrachlorid in 30 cc. of castor oil by drench and were killed 5 days 
later with the following results^ Pig 3381 passed 17 ascarids and had 
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1 dead, partly digested ascarid in the stomach and 7 live ascarids in the 
small intestine post mortem; pig 3382 passed 34 ascarids and had none 
post mortem; pig 3383 passed 9 ascarids and had 10 live ones post 
mortem; pig 3384 passed 2 ascarids and had 4 post mortem. The treat¬ 
ments were, respectively, 75, 100,47, and 33 percent effective. There were 
63 ascarids removed (including the worm killed but not yet passed) and 
21 left, an efficacy for the series of 75 per cent. The dose rate here is 
from 0.55 to 0.7 cc. per kilo, the efficacy rising from 33 per cent to 100 
per cent with the increasing dose rate. These animals were apparently 
not properly fasted. 

A second series of 5 pigs was treated as follows: Pig 3385, weighing 

2 ^pounds, was given 12 cc. of the drug in 12 cc. of castor oil apd died 
within 48 hours without passing any feces; post mortem it had 5 whip¬ 
worms and 3 nodular worms; the digestive tract showed areas of high- 
grade inflammation. Pig 3386 was held as a control animal without 
treatment; post mortem it showed 17 ascarids, 14 whipworms, and 
1 lung-worm. Pig 3387, weighing 20 pounds, was given 6 cc. of carbon 
tetrachlorid in hard capsules; it passed 2 ascarids; post mortem it 
had 13 whipworms; this animal had an abscess involving the upper 
esophagus and posterior larynx, probably due to the administration of 
the capsules by the balling gun. Pig 3388, weighing 21.5 pounds, was 
given 6 cc. of carbon tetrachlorid in one large capsule, the animal dying a 
few minutes later, apparently as the result of the entrance of the capsule 
into the trachea. 

A summary of the findings in this series shows that in the case of - 2 
animals weighing 9 to 10 kilos, each of which was given 6 cc. of carbon 
tetrachlorid in capsules in one case and in 25 cc. of castor oil in the 
other, all the ascarids were removed. The animals had been fasted 
from noon of the previous day, and under these conditions the dose 
rate of 0.6 to 0.67 cc. per kilo was entirely effective in removing ascarids. 
The use of a balling gun to administer capsules produced an abscess 
in the case of one of these animals, and in the case of another animal, 
where a large capsule was used, it caused death by forcing the capsule 
Into the trachea. A dose of 12 cc. of carbon tetrachlorid in an equal 
quantity of castor oil, or about double the dose rate of 0.6 cc. per kilo, 

. caused the death of one of the animals treated. If this dose had been 
administered in a larger quantity of castor oil so as to diminish the irrita¬ 
tion and lessen the amount of inhalation of carbon tetrachlorid, it might 
have been tolerated. The results of this series of tests suggest that 
the drug may be satisfactorily administered to swine, from the stand¬ 
point of safety, in castor oil after an adequate fast (24 hours at least, 
and possibly 36 hours would be better), and that when so administered 
it will in many cases remove all ascarids present when given at the rate 
of 0.6 cc. per kilo. 

A series of tests on a large animal were made as follows: Pig 3384, 
weighing 125 pounds (about 57 kilos), was given 8 cc. of carbon tetra¬ 
chlorid in 60 cc. of castor oil; no worms were passed during the next 
4 days; it was then given 16 cc. of carbon tetrachlorid in 60 cc. of castor 
oil; no worms were passed during the next 5 days; it was; then given 
32 cc. of carbon tetrachlorid in 60 cc. of castor oil; the next day the 
animal passed 1 ascarid, no other worms passing during the next 4 days; 
It was then given 40 cc. of carbon tetrachlorid in 60 cc. of castor oil; 
no 'worms were passed during the next 5 days; it was then given 32 cc. 
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of carbon tetrachlorid in 60 cc. of castor oil; no worms were passed 
during the next 4 days; post mortem no- worms were found. The 
one worm passed after a treatment following a fast of 24 hours. The 
effective dose rate was 0.56 cc. per kilo. This animal showed no bad 
clinical effects or post-mortem lesions from the administration of repeated 
doses totaling 128 cc., or about 4 ounces, of carbon tetrachlorid in the 
course of 3 weeks. 

Tests on another large animal were made as follows: Pig 3350, weigh¬ 
ing 140 pounds (about 64 kilos) was given 32 cc. of carbon tetrachlorid 
in 60 cc. of castor oil; no worms were passed during the next 6 days; 
it was then given 40 cc. of carbon tetrachlorid in 90- cc. of castor oil; 
1 ascarid was passed during the next 7 days; it was then given 50 cc. 
of carbon tetrachlorid in 120 cc. of castor oil; no worms passed during 
the next 4 days; post mortem there were no ascarids, but many nodular 
worms. The effective dose in this case was at the rate of about 0.63 
cc. per kilo. The animal showed no clinical symptoms or post-mortem 
lesions as a result of the administration of 120 cc. (about 4 ounces) of 
carbon tetrachlorid in 13 days. 

A slightly larger dose rate was tested as follows: Pig 3375 was given 
40 cc. of carbon tetrachlorid in xoo cc. of castor oil; it passed 1 ascarid 
during the next 7 days; post mortem it had no ascarids, but had a large 
number of nodular worms. This animal weighed about 100 pounds 
(45 kilos), so the dose rate was about 0.S9 cc. per kilo. 

Having established by the foregoing series of tests that the effective 
dose rate necessary for the removal of all ascarids present hi swine is 
at least 0.6 cc. per kilo for animals of various weights when properly 
fasted, we returned to the treatment of a series of small pigs as follows: 
Pigs ia, 2a, and 4a, weighing 41, 37, and 34 pounds, respectively, were 
given 15 cc. of carbon tetrachlorid in 60 cc. of castor oil; and pigs 5a 
and 6a, weighing 35 and 26 pounds, respectively, were given 12 cc. of 
carbon tetrachlorid in 60 cc. of castor oil. During the next 6 days pig 
1 a passed 4 ascarids, pig 5a passed 26 ascarids, and pig 6a passed 1 
ascarid, the other pigs passing no worms. All the pigs were then given 
15 cc. of carbon tetrachlorid in 60 cc. of castor oil, and during the next 
week pig 2a passed 1 ascarid. All the pigs were then given 30 cc. of 
carbon tetrachlorid in 60 cc. of castor oil, no worms being passed during 
the next 5 days. Fecal examinations of these pigs had shown a decreasing 
number of worm eggs, but since the largest number were from the pen 
of pig 4a, which had passed no worms, this animal was killed and exam¬ 
ined post mortem. No worms were found, so the eggs present were 
evidently due to contamination of the pen fio-or from old feces. The 
initial doses for 3 of the pigs were at the rate of 0.77 to 1 cc, per kilo, 
and for the other 2 pigs at the rate of 0.8 to 1 cc. per kilo. This dose 
rate apparently removed all the ascarids from all animals except one, 
and in the case of this animal a second dose at the same rate as the 
first, 0.8 cc. per kilo, removed 1 ascarid, probably the only worm present, 
since the third dose at an increased rate of from about 1 to 1.66 cc. 
per kilo removed no worms from any of the animals. 

It appears from the foregoing that the effective dose rate of carbon 
tetrachlorid for ascarids in swine is at least 0.6 cc. per kilo of weight, the 
best method of administration being in 1 to 4 ounces of castor oil, according 
to the weight of the animal, ^Preliminary fasting for 24 to 36 hours 
appears to be essential. Occasionally, doses at a higher rate will fail to 
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remove the ascarids present, but the drug removed all ascarids present 
from 9 out of 12 swine examined post mortem. Animals will tolerate 
doses of 1.66 cc. per kilo of weight and will tolerate repeated doses 
equivalent to a dose rate of 2.24 cc. per kilo in 3 weeks (5 doses) or 1.87 
cc. per kilo in 13 days (3 doses). Reports which have come to our atten¬ 
tion indicate that the dose rate of 1 ounce for animals weighing 100 
pounds should not be exceeded in the case of small pigs. At the rate 
given in the foregoing tests, the treatment appears to be quite safe, but 
the bulk of drug required for the removal of all ascarids present may prove 
to be an objection. The effective dose of chenopodium for removing 
ascarids from swine is about 4 cc. for a roo-pound animal. The dose of 
carbon tetrachlorid for an animal of this size would be about 27 cc., or 
approximately an ounce of carbon tetrachlorid, as compared to a dram of 
chenopodium. It would therefore appear that chenopodium must be 
regarded as a more potent drug for the removal of ascarids from swine. 
Carbon tetrachlorid appears to be of little value for removing whipworms 
and nodular worms from swine. Of 140 ascarids collected from the 
manure, 62 per cent were passed the first day after treatment, 9 per cent 
the second day, 25 per cent the third day, and 4 per cent the fourth day. 

We are informed by Doctor Peters that carbon tetrachlorid is proving 
effective in removing the thorny-headed worms of swine, but owing to a 
lack of animals infested with these worms we have no experimental 
evidence in regard to this. 

To determine the lesions produced by a lethal dose of carbon tetra¬ 
chlorid in swine* the following experiments were carried out: 

Pig No. iG, weighing 41 kilos (90 pounds), was given 100 cc. of carbon 
tetrachlorid, a dose rate of 2.44 cc. per kilo, by stomach tube, a horse 
stomach tube being used. The pig appeared dull and stupid soon after 
treatment. . The next day it appeared to feel better, but it died the fol¬ 
lowing night, within 48 hours after treatment. On post-mortem exami¬ 
nation no carbon tetrachlorid was found in the digestive tract, but a 
quantity was found in the thoracic cavity. In connection with this 
finding, a tear was found in the thoracic portion of the esophagus, and 
it seems probable that the large stomach tube used had perforated the 
esophagus, allowing the drug to enter the thoracic cavity. The liver 
showed a striking bronzing of the lobules and on microscopic examination 
by Dr. Leigh Giltner, of the Pathological Division of the Bureau of Animai 
Industry, a degeneration and capillary hemorrhage were found. The 
pathological conditions present in this and the following case will be 
discussed by Doctor Giltner in a separate paper. 

Pig 2G, weighing 34 kilos (75 pounds), was given 100 cc. of carbon 
tetrachlorid, a dose rate of approximately 3 cc. per kilo, by stomach tube, 
a horse catheter being used as a stomach tube. The animal appeared 
somewhat stupid and died during the night, in 12 to 18 hours after 
treatment. On post-mortem examination a considerable quantity of 
carbon tetrachlorid was found in the small intestine and stomach, to¬ 
gether with a considerable quantity of fluid. The liver showed the 
bronzed appearance as in the case of the previous pig and also some 
evidence of hemorrhage. The microscopic appearance was similar. 

It appears from the findings in the case of pig 2G that a dose of 3 cc. 
per kilo is rapidly fatal and gives'rise to distinct lesions of the liver. The 
■previous experiments showed that pigs would tolerate carbon tetrachlorid 
at a dose rate of 1.66 cc. per kilo. The fninimum lethal dose is therefore 
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between 1.66 and 3 cc. per kilo. Since the therapeutic dose rate is 0.6 cc. 
per kilo, the margin of safety is between 2.66 and 5, a very small margin 
for swine as compared with the large margin in the case of carnivores, 
poultry, and some other animals. Swine are therefore rather poor 
subjects for treatment with carbon tetrachlorid or other drugs acting 
on the liver—a fact probably associated, among other things, with the 
prevalence of parasitic hepatic cirrhosis in swine. That carbon tetra- 
chlorid might prove unsatisfactory for swine on actual test was pointed 
out in an article by Hall (14). 

TEST ON HORSES 

In a paper by Hall (13) tests of carbon tetrachlorid for removing bots 
and worms from horses have been reported. Two animals were given 
carbon tetrachlorid alone in doses of 25 and 50 cc. The smaller dose 
removed 23 per cent of the Gasirophilus iniestinalis from the stomach 
and 29 per cent of the G. veterinus (G. nasalis) from the duodenum, or 
24 per cent of all bots present. The larger dose removed 23 per cent of 
the bots from the stomach and 100 per cent of the bots in the duodenum, 
or 25 per cent of all bots present. Since the smaller dose is equivalent 
to the therapeutic dose of carbon bisulphid (CS 2 ) which will remove all 
the bots present, carbon tetrachlorid is evidently inferior to carbon 
bisulphid as a remedy for bots, although the efficacy shown by carbon 
tetrachlorid is superior to that of anything that has been used, except 
carbon bisulphid, no other drug having shown even the 24 to 25 per 
cent efficacy shown by carbon tetrachlorid. 

A number of stomach worms (Habronema sp.) were found post mortem 
in the stomach of one horse, none having been found in the manure. In 
our opinion, this can be taken only to prove that carbon tetrachlorid 
and other potent drugs will not kill these worms when they are buried 
in the mucosa. It appears entirely probable that carbon tetrachlorid, 
carbon bisulphid, or chenopodium will kill those individuals with which 
they come in contact. It further appears that as a rule the appearance 
of the dead worms in the manure is not to be expected. A .dead worm 
in the stomach is in effect a very small amount of protein material in an 
environment where protein digestion is being carried on, and it is to be 
expected that the worm will be wholly or in large part digested before it can 
leave the stomach unless it is killed near the pylorus and is very promptly 
carried out by peristalsis. Such fragments of Habronema as might 
escape in this manner would almost certainly be completely digested 
and disintegrated in their passage through the small and large intestines. 
The journey through the large intestine of the horse may require days 
and even weeks for individual objects, and Hall, Sinead, and Wolf (20) 
found dead bots in the large intestine as late as 17 days after the admin¬ 
istration of carbon bisulphid. Confirmatory evidence in regard to the 
digestion of dead worms in the stomach will be given later in connection 
with our studies on treatment for stomach worms in sheep. It therefore 
appears that the technic used here is not adapted to obtaining accurate 
ifffonnation in regard to the efficacy of anthelmintics on worms in the 
stomach and that the findings in regard to treatments for these worms 
must be reviewed with reference to die occurrence of gastric digestion of 
the worms. 
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The carbon tetrachlorid in the smaller dose removed the few ascarids 
present, suggesting that this drug is perhaps as effective as carbon bisul- 
phid against these worms. 

In the doses used, carbon tetrachlorid killed all the Strongylus present 
in the two horses. This efficacy is in line with the 100 per cent efficacy 
this drug displays against other bloodsucking worms, such as hookworms 
in the dog and others we shall mention in this paper. That this drug is 
able to kill these worms in the large intestine of the horse is apparently 
due in part to the low solubility and relatively slight volatility of the 
drug which enable it to reach the large intestine in quantities sufficient 
to kill the worms, and this should also be correlated, with the fact that 
this drug does not depress the unstriated musculature of the digestive 
tract and stop peristalsis. 

While the carbon tetrachlorid removed large numbers of cylicostomes, 
it also left large numbers. It appears to be inferior to chenopodium 
for the removal of these worms. 

In the paper in question (15), additional tests on horses, with mix¬ 
tures of carbon tetrachlorid and carbon bisulphid were reported. The 
tests indicate that the mixture is not a very useful one. We may state 
briefly that for removing the bots and worms from the stomach and 
small intestine, carbon bisulphid is the drug of choice, removing all bots 
and ascarids in. almost all cases when given in doses of 6 drams in hard 
capsules to animals properly fasted. In our opinion it will probably 
kill specimens of Habronema not protected by the mucosa or in some 
other manner. For the removal of worms from the large intestine, 
chenopodium is the drug of choice, removing practically all Strongylus, 
cylicostomes and related strongyles, and the pinworms, when given in 
doses of about 4 to 5 drams to animals properly fasted. These two 
drugs supplement each other in eliminating the bots and worms from the 
digestive tract of the horse. Carbon tetrachlorid appears to be quite 
effective in removing ascarids and Strongylus, but to eliminate practically 
all the gastrointestinal parasites noted above it would need to be sup¬ 
plemented by carbon bisulphid to remove the bots and chenopodium to 
remove the cylicostomes and pinworms, whereas carbon bisulphid and 
chenopodium alone are sufficient. It does not therefore appear that car¬ 
bon tetrachlorid can be used for general purposes in removing worms 
from horses, though it might be the drug of choice in some cases for the 
specific purpose of removing ascarids or Strongylus or both. It is the 
best single drug of the three, apparently, since it removes the ascarids 
and Strongylus and removes some bots and cylicostomes. 

We have as yet too little information to permit of definite statements 
as to the toxicity of carbon tetrachlorid for horses. The horse given 
50 cc. weighed about 900 pounds (409 kilos), the drug being given at a 
dose rate of slightly over 0.12 cc. per kilo. This horse, an old and weak 
animal, died on the fifth day after treatment and showed a number of 
chronic pathological conditions which could not be attributed to the drug. 
Since carbon bisulphid in 3 doses of 3 fluid drams each, a total of 9 fluid 
drams or about 35 cc., will occasionally kill old or weak animals, the only 
warranted assumption is that carbon tetrachlorid is probably safer than 
carbon bisulphid, the lethal dose rate per kilo being relatively low for 
both drugs and low for carbon tetrachlorid as compared with the lethal 
dose rate in the case of'such animals as carnivores and poultry. : " 
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TESTS ON SHEEP 

The results of our tests of carbon tetrachlorid on sheep have been very 
satisfactory from the standpoint of efficacy. • In one series, 4 lambs, 
which were found on fecal examination to have a moderate infestation 
with stomach worms, were given, respectively, 12, iS, 24, and 48 cc. of 
carbon tetrachlorid, the drug being mixed in each case with 2 ounces 
of castor oil and administered by means of a dose syringe. We recovered. 
9 stomach worms (Haemonclms contortus) from the manure of one, 8 
from another, and 2 from a third. On post-mortem examination all the 
animals were found to be entirely free from stomach worms. This 100 
per cent efficacy is superior to the results obtained from the use of copper- 
sulphate solution by Hall and Foster (ig) and is additional evidence 
showing the particular efficacy of this drug against the bloodsucking 
worms. As the fecal examinations indicated that all of these animals 
were moderately infested with stomach worms, the failure to obtain these 
worms from the manure of one animal and the collection of such small 
numbers in the case of the other three are evidently due to the digestion 
of the worms in the stomach, as in the case of Habronema in the horse. 
The stomach worms lie among the laminae of the abomasum and this, 
doubtless, further insures digestion by holding them until they are 
digested, except in the case of the worms near the pylorus. That this is 
true is evident from the findings of Hall and Foster. Following the 
administration of a 1 per cent solution of copper sulphate to 3 sheep, they 
recovered, respectively, 120, 240, and 314 stomach worms from the 
manure. Two other sheep from the same flock were given copper 
sulphate in capsules; each passed 41 stomach worms, and had, respec¬ 
tively, over 4,000 and over 6,000 of these worms post mortem. It seems 
quite reasonable to assume that there was probably an average of 5,000 
worms originally present in all 5 animals and that less than 10 per cent 
of the worms killed by the copper-sulphate solution were collected from 
the manure. 

A second experiment carried on by us indicates much the same results. 
Of 3 lambs, all heavily infested as shown by fecal examination, 1 was 
held as a control and the other 2 were given, respectively, 15 and 30 cc. 
of carbon tetrachlorid in 2 ounces of castor oil. Three stomach worms 
were collected from the manure of one animal and no worms of this sort 
were present post mortem in either animal. The control .animal had 612 
stomach worms post mortem. We must conclude that the carbon 
tetrachlorid was 100 per cent effective in removing the stomach worms 
from 6 sheep and that the failure to obtain worms from the manure in 
two of these cases is due to the digestion of the worms in the stomach, 
which also accounts for the small number recovered in the other cases. 
It may be further said that stomach worms collected from the manure 
after treatment are usually represented only by small fragments, fre¬ 
quently the portion found showing the characteristic vulva region in the 
female. Entire worms are rarely found. It may also be mentioned that 
apparently carbon tetrachlorid itself has a destructive action on hook¬ 
worms md may have a similar action on other worms. 

A third, series of tests on sheep was conducted as follows; 

Sheep No, 3316.—-Weight 80 pounds (about 36 kilos); given 12 cc. in 
one No. 10 and one No, 12 capsule; passed no worms in 4 days; post 
mortem, 36 small trichostrongyl€s and-6 Moniezia sp. 
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Sheep No. 4c.—Weight 80 pounds (about 36 kilos); given 8 cc. in one 
No. 11 capsule; passed 59 hookworms in 2 days and none the next 2 days; 
postmortem, 2 CEsophagostomum columbianum f 1 Moniezia sp», and a 
few Gongylonema scutatum. 

Sheep No. 5c.—Weight 68 pounds (about 31 kilos); given 4 cc. in one 
No. 10 capsule; passed 40 hookworms in 1 day and none the next 3 
days; postmortem, 14 Haemonchus contortus , 1 CEsopkagostomum co - 
lumbianum , 95 small trichostrongyles, and a few Gongylonema scutatum « 

Preliminary fecal examinations indicated that all these sheep were 
infested with stomach worms, and it is possible that the worms present 
in 2 of the sheep were destroyed by the carbon tetrachlorid and digested, 
leaving no evidence in the form of recognizable fragments in the manure. 
However, it appears from this experiment that a dose of 4 cc. of carbon 
tetrachlorid is too small to remove all stomach worms present and that 
it is necessary to use at least 8 cc., and possibly more, to remove all 
these worms. 

In our first series of 4 sheep no hookworms were present. In the 
second series the 2 animals treated with 15 and 30 cc. in castor oil passed 
5 and 2 hookworms, respectively, and had none post mortem. The 
control animal had 18 hookworms. In the third series the 2 infested 
animals treated with 4 and 8 cc. in capsules passed 40 and 59 hook- 
worms, respectively, and had none post mortem. In view of the efficacy 
displayed by this drug against other hookworms and against blood¬ 
sucking strongyles in general, it seems probable that the same complete 
efficacy would have been shown if large numbers of hookworms had been 
present. This is very promising, especially in view of the removal of 
all hookworms present by a dose as small as 4 cc. In the experiments 
reported by Hall and Foster (19) the copper-sulphate treatment failed 
to remove any hookworms, and the same was true of chloroform. Gaso¬ 
line removed only 5 per cent of these worms. Chenopodinm removed 
66 per cent and petroleum benzine 73 per cent. The chenopodinm, how¬ 
ever, had an indicated efficacy of only 4 per cent against stomach worms 
and the petroleum benzine an indicated efficacy of 88 per cent in com¬ 
parison with the ascertained 100 per cent efficacy of carbon tetrachlorid 
against stomach worms in doses of 12 cc., and perhaps 8 cc., and against 
hookworms in doses as small as 4 cc. 

In the first series of 4 sheep the carbon tetrachlorid in doses of 12 to 
48 cc. removed 30 per cent of the nodular worms and 30 per cent of the 
whipworms. In the second series of 2 sheep the carbon tetrachlorid in 
doses of 15 and 30 cc. removed 90 per cent of the 189 whipworms present 
from one animal and all of the 12 whipworms present from the other. 
This looks promising. Whipworms, as we have already noted, are very 
difficult to remove with one treatment, but if sheep will tolerate large 
doses of carbon tetrachlorid, this may furnish us with a satisfactory 
treatment for the removal of these worms. In the second series of 2 
sheep the treatment removed only 3 per cent of the 192 nodular worms 
present In the case of the sheep from which it removed over 90 per cent 
of the whipworms. The drug removed all of the 12 nodular worms 
present in the other animal. In the third series the drug failed to 
remove any of the 3 nodular worms present when given in doses of 4 
and 8 cc. • 

In our first series of 4 sheep we found that the carbon tetrachlorid 
removed 82 per cent of the 801 small Vichostrongyles belonging to the 
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genera Nematodirus, Cooperia, Osteriagia } and Trichostrongylus. This is 
a surprisingly good result, since these small worms have been resistant 
to the drugs heretofore tested on sheep. In the case of these worms 
and other small worms, the principle has been laid down and accepted 
by parasitologists that small worms are more difficult to remove than 
large ones. Certainly it has required more time and investigation to 
find any treatment whatever for their removal. That carbon tetra- 
chlorid will fail to remove a large percentage of these worms at times 
was shown in our second series of 2 sheep, in which the drug removed 
27 per cent of the trichostrongyies present in one animal and removed 
only about 3 per cent of 1,100 trichostrongyies present in the other 
animaL In this case the worms left were mostly Cooperia, Gstertagia, 
and Trichostrongylus, the drug being apparently most effective against 
the Nematodirus present. This is of interest, since Nematodirus is 
apparently a bloodsucker and is apparently a more injurious parasite 
in the case of sheep than any of the other trichostrongyies named. In 
the third series doses of 4 and 12 cc. apparently failed to remove any of 
the 121 trichostrongyies present. 

Carbon tetrachlorid was of no value in removing tapeworms from 
sheep, removing only 1 and leaving large numbers. One sheep had 1,149 
specimens of Moniezia post mortem. This agrees with the findings 
in the case of dog and chicken tapeworms. 

The two' lambs used in our second experiment were selected as the 
weakest and most unthrifty of a lot of lambs. The one which was given 
30 cc. of carbon tetrachlorid weighed only about 33 pounds (15 kilos) 
and was down and apparently dying the day we killed these two lambs. 
Whether the carbon tetrachlorid contributed anything to the bad condi¬ 
tion of the animal on this day is problematical. However, it is commonly 
true that very sick or weak animals are intolerant of anthelmintic treat¬ 
ment, and it is possible that the drug may have injured this one. Such 
animate are practically worthless and if they die after treatment, little 
or nothing is lost. Since most of the sheep used in the tests were off 
feed for a time following treatment, it appears that the safety factor of 
this drug for sheep is not very large. In this connection it may be 
recalled that Hall and Foster (19) found sheep intolerant of chloroform, 
one animal dying after a dose of 5 cc. The nature of the ruminant 
stomach probably favors rapid absorption of volatile drugs. 

TESTS ON CATTLE 

The following tests on cattle were- conducted : 

Heifer No. 1009.—Weight, approximately 250 pounds (approximately 
114 kilos); dose, 100 cc. of carbon tetrachlorid in 350 cc. of castor oil, 
after fasting 36 hours. Passed 399 stomach worms (Haemonchus con - 
tortus) during first 2 days, 396 hookworms (.Bunosiomum phleboiomum) 
dining first 6 days, 234 nodular worms (Proteracrum radiatum) during 
first 6 days, and 4 whipworms (Trichuris ovis) during first 3 days; post 
mortem, on sixth day, 426 hookworms and 1 tapeworm (.Moniezia sp.). 

Heifer Ho. 1002.—Weight, approximately 175 pounds (approximately 
80 kilos); dose, 100 cc. of carbon tetrachlorid in hard capsules, after 
fasting 36 hours. Passed 8 stomach worms and 8 nodular worms in 
first 2 days, and 453 hookworms in first 4 days; post mortem, on fourth 
day, 4 hookworms in the small intestine and 2 hookworms in the cecum. 
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Heifer No. 1009, a clinical case of hookworm disease, was off feed for 
the period following treatment, but the animal was killed too soon 
to determine whether it would have returned to good condition 
and shown any benefit from the treatment Heifer No. 1002, also a 
clinical case of hookworm disease, went down following the treatment 
and was found dead the morning of the post-mortem examination. 
Evidently the treatment was not very well tolerated by these animals. 
Post mortem, heifer No. 1002 showed the following: Some ecchymotic 
areas in the small intestine and cecum and a pronounced gelatinous 
infiltration about the stomach and large intestine; kidneys and liver 
apparently normal; urinary bladder slightly congested and containing a 
quantity of mucus; hemorrhagic areas on the heart, with some evidence 
of degeneration of the heart muscle. While some of these lesions may 
have been associated with the use of carbon tetrachlorid, it is also true 
that they may have been associated with the hookworm infestation. 
These animals were from a herd that had lost a number of animals from 
hookworm disease and some of the lesions are those associated with an 
anemic condition. The gelatinous infiltration about the stomach and 
large intestine is a condition more readily associated with long-standing 
anemia and edema than with a toxic action extending over a period of 
four days. However, the safety of the drug in the doses given is open to 
question under the circumstances until further investigations have been 
carried out. From the findings in the case of sheep, it seems reasonable 
to conclude that ruminants will not tolerate carbon tetrachlorid to the 
same extent that carnivores will and that the safety factor is much smaller. 
The doses used in the case of these two heifers were at a rate of approxi- 
. mately 0.88 cc. and 1:25 cc. per kilo, a very low rate by comparison with 
that tolerated by dogs. 

Dr. W. A. Barnette writes in a letter of October 3, 1922 : 

It seems to me from what few clinic cases I have tried carbon tetrachloride on that I 
am getting excellent results, giving to yearlings one-half ounce in a half pint of olive 
oil, and to cows weighing from 700 to 800 pounds x ounce in x pint of olive oil. 

Dr, W. K. Lewis writes in a letter of October 16, 1922: 

A few days since we treated 19 head of cattle, consisting of 9 adults and xo calves 
and yearlings, for stomach worms, using carbon tetrachlorid in capsules. The dosage 
for the adults averaged about 22 cc. Within 36 hours 4 head of adults were dead, all 
the adult animals becoming sick, while none of the yearlings and calves were affected 
The dosage for the yearlings and calves was relatively higher than for the adults, one 
heifer having been given xo.5 cc. These animals were kept off feed for 24 hours 
before treatment and were allowed to graze about one-half to three-fourths hour after 
treatment. They were taken off feed again in about x hour to be milked and again 
turned on feed. One or two of the animals showed some bloating, but the others 
showed only a listless appearance until they would get down and appeared to be in 
pain, dying within a few hours. There was no bowel action from any of the cows 
that died and the survivors were very slow to respond to salts. 

Post-mortem on one of the animals showed considerable food in the rumen, which 
had a sour fermented odor: there was no evidence of inflammation in the intestinal 
organs, only the entire mesenterium contained a large amount of coagulated jelly- 
like blood serum. From the lesions we thought that we got a local, anesthesia of the 
intestinal tract and the animals died from autointoxication. 

It is difficult to account for the results obtained in,Doctor Lewis's 
cases. As a rule, anthelmintics and most other drugs are more toxic for 
young animals than for mature animals, and this appears to be true for 
carbon tetrachlorid. The doses used by Doctor Barnette were larger 
than those used by Doctor Lewis and were, followed by good results 
clinically. The doses used by us wer? distinctly large* and the smaller 
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animal was found dead the morning of the fourth day after treatment, 
the larger animal being killed by us the sixth day to conclude the experi¬ 
ment The results contrast very strikingly with the deaths in 36 hours 
of mature animals given much smaller doses. No plausible explanation 
occurs to us in this connection, but it is possible that further work along 
this line will throw some light on the subject. 

As regards efficacy, it will be seen that the drug as given in our cases 
was 100 per cent effective against stomach worms in the case of both 
animals; 48 per cent effective against hookworms in the case of the first 
* animal and 99 per cent in the case of the second animal, regarding the 
two hookworms found in the cecum as removed by the drug; 100 per cent 
effective against nodular worms in the case of both animals; 100 per cent 
effective against whipworms in the case of the first animal, the only one 
infested; and o per cent effective against tapeworms in the case of the 
first animal, the only one infested. The drug was therefore extremely 
effective in removing stomach worms, nodular worms, and whipworms; 
it removed from almost half to almost all the hookworms present, but was 
of no value in removing tapeworms. These results warrant further 
investigations to determine the actual utility of this drug in treating 
cattle infested with stomach worms, nodular worms, hookworms, and 
whipworms to determine whether it can be given in a dose which will be 
effective without injury to the animal treated. 

TESTS ON MONKEYS 

In the experiments on monkeys, carried on in cooperation with Dr. 
G. C. Lake, of the Public Health Service, we gave doses of twice to five 
times the indicated human dose of 3 cc., the latter based on the fact that 
the dose for the adult person and the average-sized dog is usually the 
same for anthelmintics and many other drugs. These monkeys weighed 
from 4.5 to 7.5 pounds. All monkeys survived the dose given, one of 
them weighing 4,5 pounds receiving 12 cc., or approximately 6 cc. per 
kilo. Taking the weight of an average-sized man as 70 kilos, and assum¬ 
ing that man could tolerate this drug at the same rate,' the equivalent 
dose for the man would be about 420 cc. At this rate the indicated 
therapeutic dose of 3 cc. would have a safety factor of 140. While it is 
not assumed that this is true, nevertheless it appears that this drug 
should prove quite safe for man. Its complete efficacy against the blood¬ 
sucking worms, hookworms in dogs, Strongylus in horses, and stomach 
worms in sheep indicates that it will probably prove equally effective 
against hookworms in man. 

The monkeys in this experiment were kept under observation for one 
month and then were released from this experiment. An attempt was 
made to determine something of the anthelmintic value of the drug in 
the case of monkeys, but owing to a misunderstanding the attendant 
did not collect the feces of the first 24 hours after treatment. The feces 
for the next 48 hours contained 1 whipworm and 34 heterakids, appar¬ 
ently Sub-ulura disians* The drug is evidently of some value in removing 
heterakids from monkeys, but owing to the fact that no post-mortem, 
examination was made and the doses used were very high, little can be 
concluded as to its value. 

In a recent paper, Take (25) has published the results of some further 
tests on monkeys. He finds tha£ monkeys weighing 2.21 to 2.63 kilos 
tolerate 12 to 16 doses of 1, 2, 3, and 5 cc. each at intervals of 2 to 3 days 
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for a period of 30 to 41 days and a total of 16 to 66 ce. without any evi¬ 
dence of bad effects, and that the two animals receiving the highest totals, 
48 and 60 cc., showed no macroscopic or microscopic lesions post mortem 
as a result of the treatment. These doses are 10 to 40 times greater for 
weight of animals treated than the indicated dose of 3 cc. for man. He 
concludes that the toxicity of carbon tetrachlorid is very low for monkeys 
and probably for man also, and that repeated doses would probably be 
well tolerated by man. 

TESTS ON MAN 

One of the writers (16) has reported a test in which he took 3 cc. of 
carbon tetrachlorid without any precautions as to food and on the same 
day did a day's work, including a post-mortem examination of some horses. 
He smoked more than usual and took more than the usual amount of 
exercise. No unpleasant effects were experienced and the only sensa¬ 
tion noticed was a feeling of warmth in the stomach during the first half 
hour. The other writer (Shillinger) has since made the same test with 
much the same result, except that the drug could be tasted at intervals 
for several hours and there was a slight transient dizziness. Both of 
these effects were perhaps associated with a slight condition of indiges¬ 
tion already present when the drug was taken. Dr. Karl Hanson, of the 
Biological Survey, has also taken a similar dose without bad effects. 
We are informed by Dr. E. Encisco that the drug was tried on human 
patients in Bogota, Colombia, for whipworms about four years ago and 
then abandoned, since it was not satisfactory for removing these -worms. 
As we have noted, whipworms are difficult to remove, owing to their 
location. They constitute, therefore, a decidedly unsatisfactory test 
object for anthelmintic efficacy in general. Doctor Encisco did not 
recall the dose used. At the present time this drug is being tested in 
human medicine for the removal of hookworms on the basis of the findings 
in the case of the dog hookworm. If it proves equally effective and safe, 
its obvious advantages may make it the drug of choice for removing these 
worms from man. 

An editorial in the Lancet, London, for February 25, 1922, 4 reports 
that the administration of a single dose of carbon tetrachlorid to natives 
of the island of Fiji resulted in the removal of 98 per cent of the hook¬ 
worms present. In Nature for May 27, 1922, 5 there is a statement as 
follows: “A telegram has been received from Fiji reporting the successful 
treatment of more than 12,000 hookworm cases by carbon tetrachloride 
with 90 per cent of cures with one dose, and the removal of 98 per cent 
•of the worms.” 

Leach (26) has a detailed report of the treatment with carbon tetra¬ 
chlorid of 14 persons, 13 of whom were infested with hookworms, in 
•Ceylon. Previously, some of these patients had been given two treat¬ 
ments with betanaplithol, totaling no grains (7 gm.), with the removal 
of an average of 8 hookworms per patient. Carbon tetrachlorid removed 
■•an average of 58.7 hookworms per patient, this drug being given in doses 
of 3 cc. to 3 patients, 4 cc. to 8 patients, 5 cc. to 1 patient, and 10 cc. to 1 
patient. The patient receiving 10 cc. was given 2 cc. more 15 days later. 
This man was a prisoner condemned to be hanged. He passed 55 hook¬ 
worms, 4 ascarids, and 67 pinworms. On post-mortem examination the 
digestive tract contained no hookworms or ascarids but had 3,492 pin- 


4 m y. a®®* 39:1. 

•TREATMENT OF HOOKWORM CASES BY TETRACHLORIDE. In Nature. V. 109. pw 688. 
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worms and 32 whipworms. The spleen, liver, and kidneys were appar¬ 
ently normal. All the patients were negative for hookworms on fecal 
examination 3 weeks after treatment. The drug was given without 
purgation and had a marked cathartic action, the bowels moving in most 
cases in 3 to 5 hours after treatment. Urine examinations were made 
in two cases before and after treatment and showed no alterations as a 
result of the treatment. The pulse and the diastolic and systolic blood 
pressure were noted before and after treatment and showed that the heart 
action was practically undisturbed. The 1 ' patients experienced only 
slight giddiness and a sensation of weight in the stomach for the most 
part. One patient had diplopia and nausea. The patient receiving 10 
cc. complained of giddiness, nausea, and drowsiness, but after sleeping 4 
hours the nausea disappeared and the giddiness diminished. 

Owing to a lack of capsules, the drug was given in 20 cc. of water, 
which might account, in our opinion, for some symptoms as a result of 
inhalation. The ineffectiveness of the drug against pinworms and whip¬ 
worms might also be correlated to some extent with the fact that the 
patients were allowed food immediately after treatment. In our opinion 
this might lower the efficacy of the drug. 

Nicholls and Hampton (2$) have given a further report on the tests of 
the drag in Ceylon. They report its administration to 20 students, 18 
to 25 years old, in an agricultural school, 3 cc. being given without sub¬ 
sequent purgation. They state that the students carried out ‘the regular 
program of the day without restrictions and that— 

Not one of them was inconvenienced-by the drug, and they all continued their 
day’s work in the gardens or at the school house. 

Microscopic examination of the feces 10 days later showed hookworm 
eggs in the feces of only 2 students, and the group passed an average of 
36 hookworms each, together with a total of 13 ascarids. The drug was 
then given to 64 students from 7 to 17 years old, in quantities of 1 to 3 
cc., food being allowed an hour later. These winters say: 

One 12-year-old boy vomited when he had finished his meal, but the manager 
informed us that this child often vomited. . . . The drug acted as a mild 

aperient. The patients passed an average of 43.3 hookworms and a total of 260 asca¬ 
rids, 15 whipworms, and 4,945 pinwonns. . . . The discharge of Trichuris and 

Qxyuris indicates that the drug acts throughout the intestinal tract, for we have not 
previously seen Trichuris expelled after the use of other anthelmintic drugs, or Oxy- 
urzs vermicularis expelled in such large numbers. 

Ten days after treatment fecal examinations of 54 of these students 
showed hookworm eggs in 6 cases. 

The drug was given to four children 3 to 6 years old, previously treated 
once or oftener with chenopodium, removing 9, 35, 52, and 52 hook¬ 
worms. It was given to five children 4 to 9 years old, of whom one -had 
malaria, one an enteric disorder, and three a pyrexia of unknown origin 
continuous in two cases and irregular in one case. These children passed 
from 6 to 167 hookworms each and were in no way inconvenienced by 
the treatment. 

These writers state: 

The drug may' be administered safely in doses of 10 to 20 minims to children of 3 
and 4 years of age, even when they are seriously ill from various cases. It aids the 
expulsion of A scans lumbricoides if it is followed by a purgative, but it is not as effec¬ 
tive as chenopodium in killing this worm. The drug does not seriously deteriorate 
on keeping. Many children were given doses of carbon tetrachloride which, had been 
stored in the laboratory for 3 years. Itads more valuable than chenopodium for cam- 
paigns against hookworm disease because (a) patients'do not object to its taste; (b) it 
is not necessary to precede or follow the administration of it by a purge; (c) it is much 
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more efficient than chenopodium and has not the depressing effects of that drug; (d) it 
is much cheaper than any drug that has been used; (e) it can be prepared in a high 
degree of purity, and a chemically pure preparation should always be used; (f) the 
person who is being treated can do his usual day’s work. Children when 1 year of 
age may be given 10 minims of carbon tetrachloride with safety, and this dose should 
be increased by 2 minims for each year of apparent age. Thus a child of 10 would 
receive 28 minims, a youth of 16, 40 minims (2.5 cc.), and an adult dose should be 
from 50 to 80 minims (3 to 5 cc.), according to the size of the patient. 

These authors report a- second case of a prisoner treated with carbon 
tetrachlorid and then executed. This man was given 6 cc. on one occa¬ 
sion and a similar dose 13 days later. A week later the man was exe¬ 
cuted and found to have no ascarids or hookworms on post-mortem 
examination; they state that 4 ascarids were passed after the first treat¬ 
ment. The organs showed no degeneration on microscopic examina¬ 
tion. Hampton (22) refers to these same prisoners and notes that in the 
second case 1 whipworm and 8 pin worms were fomid post mortem. 
With reference to the 20 students referred to by Nicholls and Hampton 
(28) , he states that 13 reported a slight headache and giddiness, 4 claimed 
that they felt burning or rather tingling sensations in the body, and 4 
ha d no symptoms whatever Hampton states; & gg;■■ * 'f§§ 

All admitted that the symptoms they felt were too slight to mention. Two of those 
treated had previously taken chenopodium and 1 had taken thymol; all 3 stated that 
they preferred to take carbon tetrachloride. The head master stated that in his 
opinion the students were not inconvenienced at all by taking the treatment. He- 
had seen 2 previous classes take chenopodium and found that they suffered consid¬ 
erable inconvenience at the time. 

As regards cost, he says that chenopodium costs 30 shillings a pound and 
is given in “a dose of 1.5 cc., followed by magnesium sulphate; carbon 
tetrachlorid costs 3 shillings a pound and is given in a dose of 3 cc. with¬ 
out a purgative. As regards efficacy, he states that “One 1.5 cc. dose 
of oil of chenopodium gives microscopical cures in from 30 to 50 per 
cent of the patients treated, while one 3 cc. dose of carbon tetrachloride 
gives microscopical cures in 90 per cent of the cases treated.” 

McVail (27), according to a review, has given children, aged 12, 1 dram 
(3.75 cc.) of carbon tetrachlorid on 2 successive days without ill effects. 
A dose of 1 dram.to a very old man was followed by irregularity of the 
pulse and slurring speech. The largest dose he gave an adult was 70 
minims (about 4.35 cc.) on 2 successive days. He reports that the drag 
is a soporific, and that at a leper asylum 51 patients were given a dose of 
1 fluid dram each one evening, and states— 

and all slept so soundly that a burglar was able to remove the contents of the rice 
godown during the night. ... It does not appear to aggravate albuminaria and 
may be given with confidence in cases of kala-azar complicated with ancylostomiasis 
during the remissions of temperature, though kala-azar cases stand chenopodium 
badly. Carbon tetrachlorid is of little value against Ascaris, Trichuris, and Hymen- 
olepis nana. On the other hand, this drug appears to be almost specific for thread¬ 
worms [pinworms]. In 13 cases Oxyuris worms were found in the stools after a single 
treatment with carbon tetrachlorid, and in 4 cases after double treatment, though 
Oxyuris ova, had been found during the previous microscopic examination only in 3 
cases out of the, 17. [It is exceptional to find eggs in the feces in human infestations 
with pinworms, as the gravid female migrates to the rectum and passes out with the 
eggs stored in the uterus.] 

The above report in regard to the efficacy of carbon tetrachlorid in 
removing pinworms from man should be correlated with the findings of 
Nicholls and Hampton {28), who'report'the passage of 4,945 pinworms 
by a group of 64 students, an average gf 77 worms each,,,assumingthat 
all were infested, and with the findings of Leach (26), 'who reports, the 
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passage by a prisoner of 67 pinworms and the presence post mortem of 
3,492 pinworms. The findings in Leach’s case, where a relatively large 
dose, ro cc. followed later by 2 cc., had been given, suggest that carbon 
tetrachlorid does not have a dependable high efficacy against the human 
pinworm, although it will remove some of the worms present in many 
cases. 

One of the writers (Hall) has taken carbon tetrachlorid twice since the 
test reported by him (16). On that occasion the drug was taken in 
hard capsules. In a second test it was taken in a soft gelatine capsule to 
determine the apparent time in which such capsules open in the stomach. 
The capsule contained 1.5 cc. of carbon tetrachlorid and was from a lot 
that was probably 6 months old at the time this was taken. The capsule 
was taken 2 hours after breakfast, and 20 minutes later a slight sensation 
of dizziness and of discomfort at the stomach was noticed, the sensation 
passing away in the course of a minute. No further sensations were 
noticed, although no precautions were taken in regard to food, smoking, 
or exercise. This suggests that soft capsules will open in the stomach in 
the course of a half hour. However, the tests of this drug and of choloro- 
form, as administered in soft capsules to dogs, point to a certain loss of 
efficacy against hookworms where soft capsules are used. 

Since the reports on the administration of the drug show that it is 
being given in water, with which this drug does not mix, a third test was 
made in which 3 cc. of the drug was taken in 30 cc. of milk. * Carbon 
tetrachlorid being a fat solvent mixes somewhat better with milk than 
with water, but the drug is nevertheless left at the bottom of the milk. 
The mixture was not unpleasant to take, but left a somewhat unpleasant 
taste in the mouth. In a half hour a sensation of light-headedness and 
drowsiness came on and this persisted to some extent for the next 5 hours. 
The effects were more noticeable than in the previous tests, and the odor 
of the drug could be detected in eructations for several hours. At the 
end of S/4 hours vomition occurred, and after drinking some coffee this 
occurred a second time 6)4 hours after taking the drug. The food eaten 
an hour after treatment was digested, but some carbon tetrachlorid 
evidently remained in the stomach, causing nausea by slow absorption. 
Since fats and oils, especially such bland oils as olive oil, tend to remain 
for long periods in the stomach, as Asms has noted for olive oil, it might 
be assumed that fats and oils tend to hold carbon tetrachlorid in the 
stomach and that such substances are contraindicated in connection 
with the use of this drug. The experiments on cats to ascertain the effect 
of fats and oils on, the absorption of carbon tetrachlorid, as already re¬ 
ported in this paper, did not confirm the idea that these substances 
increased the toxicity of carbon tetrachlorid. However, this point 
should be kept in mind by those using the drug, as a matter on which 
information Is needed. It might be of interest to note that the experi¬ 
menter was the subject of a Mayo short-loop posterior gastrojejunostomy 
from 11 to 12 years previous to the time these tests were made. 

One of the writers (Shsllinger) on another occasion took 2 hard gelatine 
capsules each containing 1.5 cc. of carbon tetrachlorid directly after the 
midday meal. There was the same sensation of dizziness that was felt 
when the drug was taken by him several weeks previously, one-half 
hour before eating at midday, and the drowsiness, as experienced by 
Hall, was noticed. There was no particularly disagreeable sensation of 
irritation or discomfort but rathei a desire to rest or sleep, which persisted 
in mild form for about 3 hours. 
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SUMMARY 

Carbon tetrachlorid has a pronounced selective action on bloodsucking 
worms, as shown by its high efficacy against hookworms in dogs, foxes, 
cats, sheep, and cattle, Strongylus in the horse, stomach worms In sheep 
and cattle, and Nematodirus in sheep* 

It has a high efficacy against ascarids in dogs, cats, foxes, swine, and 
horses, being less effective, apparently, than chenopodium against 
ascarids in swine and more effective against ascarids in horses. It is 
less effective than chenopodium against ascarids in man, but its approxi¬ 
mate efficacy for the doses used can not be stated at present. 

It is not effective in removing pinworms from horses, but evidently 
has some efficacy against the related heterakids of monkeys and of birds. 
It will remove some pinworms from man in many cases, but its approxi¬ 
mate efficacy can not yet be stated. 

It is inferior to chenopodium for removing cylicostomes from horses, 
but is much superior to any drug yet tested for removing small tricho- 
strongyles from sheep. It will remove some nodular worms from sheep 
but it exhibits a variable efficacy in this connection, removing none in 2 
cases, 3 per cent in 1 case, 64 per cent in 1 case, and 100 per cent in 1 
case. In the large doses used on cattle it removed all the nodular worms 
present. 

In view of the results obtained and the apparent tolerance for large 
doses of this drug which some species of animals show, it may prove pos¬ 
sible to remove whipworms from some species of animals with this drug 
by giving doses so large that their bulk will in most cases insure the 
entrance of this drug into the cecum. One hundred per cent efficacy 
was obtained in some cases in removing whipworms from dogs, sheep, 
and cattle. 

Carbon tetrachlorid is inferior to carbon bisulphid for the removal of 
bots, but is superior to any drug other than this which has been tested 
against bots. 

Carbon tetrachlorid is not of value in removing tapeworms from 
chickens, dogs, sheep, cattle, or man, and will probably be of little value 
against tapeworms in any animals. We have seen a report in an 
Italian newspaper to the effect that this drug is specifically valuable in 
removing Tania solium , but the report is evidently based on the reviewer's 
belief that the hookworm is the armed tapeworm. 

Its value in removing spirurids and Capillaria from chickens is prob¬ 
lematical and requires further investigation. 

Carbon tetrachlorid has not been tested on such forms as the common 
liver fluke (Fasciola hepatica). Floris (7) has reported carbon bisulphid 
as of value against these flukes. His work has not been followed up by 
other workers, however, and more information is needed in regard to 
this. If carbon bisulphid is effective, carbon tetrachlorid might also 
prove effective. Jeffreys (24), as already noted, states that carbon 
tetrachlorid is 100 per cent effective in removing intestinal flukes from 
foxes. He does not report his experiments and we have had no oppor¬ 
tunity to make tests along this line. 

Many patients report no symptoms following the oral administration 
of carbon tetrachlorid in therapeutic dose. Of the symptoms reported 
the most common appear to be a transient dizziness, slight headache, 
and a sensation of weight, warmth, or sljght discomfort at the stomach. 
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Other symptoms which are sometimes manifested are tingling or burning 
sensations and drowsiness. Rarely, usually following the administration 
of rather high doses, the drug may cause nausea, vomition, irregularity 
of pulse, and slurring speech. 

CONCLUSIONS 

Carbon tetrachlorid is an effective drug in removing certain worms. 
It is especially valuable for removing bloodsucking strongyles. It has a 
rather high efficacy against ascarids in certain species of host animals. 
It may prove of value in removing whipworms from some kinds of 
animals if experience bears out the existing findings to the effect that 
large doses of the drug may be safely tolerated, making it possible to 
insure the entry of the drug into the cecum. It has some efficacy 
against heterakids in the large and small intestines. 

Enough evidence has accumulated in the published literature and in 
our experiments to warrant the statement that the efficacy of a drug 
against worms in the stomach can not be accurately ascertained by the 
technic employed by us, owing to the digestion of the dead worms in 
the stomach. It is evident that carbon tetrachlorid and some other 
drugs are highly effective against certain species of worms occurring in 
the lumen of the stomach, more effective than the evidence in worms 
passed indicates. 

Carbon tetrachlorid when taken by mouth, and the inhalation of the 
drug avoided, appears to be an uncommonly safe drug, for most of the 
species of animals tested. It appears that the danger from inhalation 
is greater for carnivores than for man. It has in most instances a 
large safety factor for the therapeutic dose necessary to remove approxi¬ 
mately xoo per cent of a number of important species of worm para¬ 
sites. This drug has the advantage of being a very simple compound, 
which can be easily tested chemically to determine its purity, and a 
chemically pure product can be purchased at practically any drug 
store in civilized countries. 

Carbon tetrachlorid has the additional advantage of being cheap. 
It is much cheaper than chenopodium or thymol, though not so cheap 
as the copper-sulphate solution for removing stomach worms from sheep. 
Its 100 per cent efficacy would appear to warrant further investigations 
as to its use against stomach worms of sheep, since the worms left by 
the copper-sulphate solution serve to maintain the infestation on pastures. 
Its value in this connection should also be weighed against that of the 
tobacco-copper-sulphate solution which Guberlet (8) finds superior to 
the copper-sulphate solution without tobacco. 

On a comparison of doses of carbon tetrachlorid based on weight of 
animal, the tolerance of the drug by the various species of animals used 
is about as follows: Chickens will tolerate 20 cc. per kilo, the minimum 
lethal dose not being ascertained, from which we may surmise that 
birds will prove very tolerant of this drug, ■ Turkeys tolerate doses of 
x cc. per kilo, and we may assume from the results with chickens that 
they will tolerate much higher doses. Dogs will tolerate 16 cc. per 
kilo, the minimum lethal dose not being ascertained. Cats will tolerate 
8^cc. per kilo, but some animals are killed by approximately 9 cc. per 
kilo. Foxes tolerate 2.7 cc. per kilo administered In a drench, and we 
may surmise that carnivores In general will prove very tolerant of this 
drag. Rabbits will tolerate ■ & cc. per kilo, the minimum ' lethal dose 
apparently being close to 10 cc. per kilo, from which It appears that 
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rabbits, and probably the closely related group of rodents, will tolerate 
relatively large doses, but are not so tolerant as birds and some carni¬ 
vores. Monkeys will tolerate 6 cc. per kilo, the minimum lethal dose 
not being ascertained, and are therefore probably about as tolerant of 
the drug as rabbits. Adult swine will tolerate 1.66 cc. per kilo, but the 
tolerance is less for young animals, and swine are evidently less tolerant 
of carbon tetrachlorid than are the animals already referred to. The 
fact that swine are not more tolerant may be correlated with the common 
occurrence of hepatic cirrhosis in swine and the effect of the drug on 
the liver. Sheep will tolerate 1.3 cc. per kilo, but the minimum lethal 
dose may be about 2 cc. per kilo. Young cattle will tolerate 0.88 cc. 
per kilo, with an indicated minimum lethal dose of about 1.25 cc. per 
kilo. From the foregoing we may conclude that ruminants are less 
tolerant of this drug than are birds, carnivores, rabbits, monkeys, or 
swine, this decreased tolerance apparently agreeing with the ascertained 
diminished tolerance of ruminants for such volatile drugs as chloroform, 
and probably being associated with the presence of the four stomach 
divisions of ruminants with a resultant rapid absorption of volatile 
drugs. The tolerance of approximately normal horses for carbon 
tetrachlorid is yet to be ascertained, since the animal which died 5 days 
after a dose of 0.12 cc. per kilo was an old, weak animal with pronounced 
lesions of a chronic nature. 
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STRUCTURE, PHYSICAL CHARACTERISTICS, AND COM¬ 
POSITION OF THE PERICARP AND INTEGUMENT 
OF JOHNSON GRASS SEED IN RELATION TO ITS 
PHYSIOLOGY 1 

By George T. Harrington, formerly Scientific Assistant, Seed-Testing Laboratories* 
and William Crocker, formerly Plant Physiologist , Drug Plant , Poisonous Plant, 
Physiological and Fermentation Investigations , Bureau of Plant Industry, United 
States Department of Agriculture. 

INTRODUCTION 


These investigations were undertaken in hope of explaining some fea¬ 
tures of the behavior of Johnson grass seeds during their initial dormancy, 
their period of after-ripening, and their germination. As has been shown 
elsewhere (if) , 3 Johnson grass seeds belong to that group whose well- 
matured embryos are never appreciably dormant, the dormancy of the 
intact fruit being imposed by its outer, nonliving structures. These 
include (i) the closely adhering, hard, brittle scales, (2) the fused pericarp 
and inner integument. Removal of the former hastens the germination 
and increases the germination capacity of the caryopses, whether these 
are freshly gathered, are fully after-ripened, or are in process of after- 
ripening, but does not appreciably affect the rate of after-ripening. 
Furthermore, removal of the fused pericarp and integument by corrosion 
with concentrated sulphuric acid or even its removal over one side of the 
embryo by means of a sharp needle induces the complete germination 
within three or four days even of freshly gathered grains which, without 
such treatment, would scarcely germinate at all in weeks or months. 

It has also been shown (15, 16) that the germination of Johnson grass 
seeds is highly dependent upon the maintenance of alternating temper¬ 
atures, that this sensitiveness to temperature conditions disappears upon 
the removal of the seed coverings, and that certain chemical substances 
exert a stimulating action upon their germination, particularly after the 
removal of the caryopses from the inclosing scales. These facts suggested 
that a study of the physical and chemical characteristics of the seeds, and 
especially of their pericarps and integuments, might help to explain their 
physiological behavior. 

In marked contrast to the dormancy and germination physiology of 
Johnson grass seeds, Sudan grass seeds germinate very readily at ordinary 
temperatures, constant or alternating, without the lapse of any consid¬ 
erable period of after-ripening, and without any special preliminary 
treatment. Sudan grass seed has therefore been used for comparison 
with Johnson grass seed in the studies herein reported. The greater part 
of the work was done in the Hull Botanical Laboratory of the University 
of Chicago, and the remainder in the Seed-Testing Laboratories of the 
United States Department of Agriculture in Washington. „ ^ 

Both Johnson grass and Sudan grass have been described under several 
different names, and they have frequently been assigned to different 
species. Mr. A. S. Hitchcock considers Johnson grass as Holms halepmsis 

1 Accepted for publication July 2, 1921. 

2 Reference is made by number (italic) to u literature cited,” p. 221-222. 
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L. (.Sorghum halepensis Pois) and Sudan grass as subspecies of the same, 
which he calls Holms halepensis sudanensis (Piper) Hitchcock (Andro- ■ 
pogon halepensis sudanensis Piper). The very close taxonomic relation¬ 
ship of the two forms increases the interest which attaches to the marked 
physiological differences between their seeds. 

STRUCTURE OF THE FRUITS AND CARYOPSES OF JOHNSON GRASS 
I. EXTERNAL APPEARANCE 

Oakley (25), Yinall (50), and Youngblood and Conner (32) discussed 
the external appearance of the fruits of Johnson grass in comparison with 
those of Sudan grass. Hillman (17) later described in detail the fruits of 
these two kinds of grass, both with the scales on and with the scales 
removed. 

Figure I, adapted from figure 4 in Hillman’s paper, shows the external 
characters of the fruit of Johnson grass. The unhulled fruit or spikelet 
(A) is about 0.2 inch long and a little less than one-half as wide as long. 
It bears at its proximal end a smooth regular scar (a). The caryopsis (B) 
with its hyaline lemma is inclosed in two, straw-colored to black overlap¬ 
ping scales, the glumes. The outer scale, or lower glume, is convex and 
spear-shaped (A, I). 



Fig. i,— Johnson grass spilrelets and caryopses: A, UnhuHed spikelets, showing convex outer surface at 
I sand flat inner surface at II; B, caryopses, showing scar of the spikelet (a), appendages of the spikelet 
(b, b)„ upper glume (c), overturned edge of the lower glume (d), broken ends of the glumes (e), depressed 
area where the pericarp extends over the hihrai (f}» scar of the caryopsis (g), and embryo (h) 

The inner scale, or upper glume (c), is nearly flat, but slightly keeled. Its 
outer edge is inclosed by the overturned edge of the outer scale (d). The 
flattened inner side of the unhulled fruit usually bears two appendages, a 
rachis segment and the pedicel of a sterile spikelet (fa, b). The distal 
ends of the glumes frequently are jaggedly broken (e) in many of the 
fruits of commercial lots. We have found that sufficient rubbing to 
cause a large amount of such breakage or'even the very careful cutting 
away of the distal half of the glumes increases the germination of dormant 
lots even if none of the caryopses are removed from the scales. 

The caryopsis (fig. 1, B) is about three-fourths as long as the unhulled 
fruit, oval or oval-elliptical in shape, dark reddish brown in color. The 
side of the caryopsis which was next to the outer scale is nearly flat and 
bears at its proximal end a small, roundish, very dark, and somewhat 
depressed' area (f) where the pericarp extends across the hilum. At the 
extreme proximal end is the scar of the caryopsis (g). The side which 
was next to the inner scale is somewhat convex. At its proximal end is 
located the fairly large embryo (h), the position of which is clearly 
marked by a somewhat lighter color than that of the rest of the caryopses. 
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II. INTERNAL STRUCTURE OF THE CARYOPSIS 

A large number of botanists have investigated the embryos of various 
grasses. Several of these, among whom are Bruns (8), Pammel (26), 
Guerin (14), Kennedy (19), and Sargant and Arber (27), have described 
the embryos and other organs of the caryopses of species of Andropogon, 
Sorghum, and other species of the tribe Andropogoneae. 

Figure 2 shows a median sagittal section of a Johnson grass caryopsis. 
No attempt is made here to distinguish between integument and pericarp, 
as these structures are discussed and illustrated 
in later sections. 

Besides the axial organs, the rather large 
embryo (A) includes thescutellum (a), the root 
sheath, or coleoriiiza (i),and the epicotyl sheath, 
or coleoptile (k). The radicle (g) is directed 
toward the proximal end of the caryopsis. Its 
tip is covered by a well-developed root cap (h). 

The epicotyl (f), with the first two convolute 
leaves (x 1 and x 2 ) well formed and the rudi¬ 
ments of later leaves, extends toward the distal 
end of the caryopsis. Between the radicle and 
the epicotyl is a short, internode-like structure, 
the mesocotvl (e), which is variously inter¬ 
preted as the fused hypocotyl and stalk of 
the cotyledon (27) or the elongated primary 
node (31). 

The scutellum is expanded laterally into two 
wings which fold up around and almost wholly 
envelop the axial organs of the embryo. A 
section of the upper' edge of one of these wings 
is shown at (d). Wherever the scutellum is in 
contact -with the endosperm (B) the cells of its 
lower cell layer are elongated into the form of 
a columnar epithelium (b), which secretes 
diastase and possibly other enzyms for the con¬ 
version of the stored food of the endosperm. 

Along the entire length of that portion of the 
scutellum underlying themesocotyl and epicotyl 
extends a central procambium strand (c), which 
enters the axial organs at the point of their 
insertion upon the scutellum and which sends 
off about a dozen small lateral branches and a short branch which 
extends under the radicle. These branches ramify throughout that face 
of the scutellum which is in contact with the starchy endosperm. Upon 
the germination of the caryopsis the elements of the central strand'become 
differentiated, with the formation of spiral tracheae, and the cells of the 
columnar epithelium greatly elongate. These morphological changes can 
also be induced by, wounding the endosperm region of the caryopsis or by a 
diseased condition of embryo or endosperm. The elongation of the 
epithelial cells, either generally over the whole face of the scutellum or 
locally, is always accompanied by corrosion of the starch grams in the 
underlying endosperm cells. 

Just inside the coverings.' of the carySpsis (m) and extending entirely 
around the embryo and endosperm' except at the region of the hilum and 



embryo; B, endosperm,, showing 
scutdlum (a), its epithelium (b)„ 
its central procambium. strand 
(c), portion of wing of scutellum 
rolled up over the axial organs of 
the embryo (d), mesocotyl (e>» 
epicotyl with its embryonic 
leaves X 1 and X s (f)» radide 
(g), root cap (h)» root sheath or 
ccleorhiza (i), epicotyl sheath or 
coleoptile (k), aleurone layer (1), 
fused pericarp and seed coat (m), 
remnant of style (n), pedicel with 
remnants of iodictdes <o), region oC 
the hilum and micropyle (p) s com - 
pressed and empty endosperm 
cells (r), and elongated distal cells 
of the integument (s). X 25. 
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micropyle (p) is the aleurone layer (1), which comprises a single layer 
of cells. 

Between the hilum, the starch-bearing endosperm, and the proximal 
end of the scutellum lies a light-colored mass of large, irregular, com¬ 
pressed, empty endosperm cells (r). 

The coverings of the caryopsis consist of the fused product of the peri¬ 
carp and inner integument—the latter of a single layer of cells which, at 
the distal end of the caryopsis, are much elongated and have very thick 
inner walls. The figure shows these elongated cells of the inner integu¬ 
ment (s), a portion of one of the persistent styles (n), and the pedicel (o), 
with portions of the adhering lodicules. Usually, however, the caryopsis 
breaks from the pedicel at a point just distal to the insertion of the 
lodicules, so that these are not present on the hulled caryopsis. 

The outer integument and nucellus have entirely disappeared in the 
mature caryopsis, with the possible exception of a portion of the former 
overlying the micropyle. 

As already stated, complete or partial removal of the coverings over 
the embryo greatly increases the readiness with which Johnson grass 
caryopses germinate. 

III. DETAIL OF THE PERICARP AND INNER INTEGUMENT 


Figure 3 represents the pericarp and inner integument of a Johnson 
grass caryopsis as seen in cross section about midway from the proximal 

end to the distal end of the caryopsis. 



Fig. 3. —Cross seetkws of the fused pericarp and 
Wtr. integument of lotmson grass caryopsis: 
At from fiat (endosperm) side of caryopsis at a 
ppfot «ppp?|te tbec&d of the scutellum; B„ from 
roundel (embryo) side oyer the end of the 
'embryo (x) and adjacent portion of the 
(2), showing outer epidermis of 
the pericarp' (a), inner epidermis of the peri¬ 
carp (b)» inner mteffusnmt (c), its inner walls 
(d)„ Its side walls (e), and its outer walls and 
acimScd'caoteAts of the cells (f) X 3*5* 


The drawings in this .figure were 
made with camera-iucida and oil im¬ 
mersion lens from paraffin sections 
15 tt in thickness, stained with iron 
alum haematoxlyin. The material 
used had not been bleached or other¬ 
wise altered before embedding in the 
paraffin. Figure 3, A, was drawn from 
the fiat (endosperm) side of the cary¬ 
opsis opposite the end of the scutellum, 
and figure 3, B, from the rounded side 
over the end of the embryo (1) and 
adjacent endosperm cells (2). 

The pericarp consists of several 
layers of cells of which only the outer 


epidermis (a) and the inner epidermis (b) are clearly distinguishable. 
The intervening layers consist of greatly compressed thin-walled cells, in 


which narrow cell lumena and intercellular spaces appear only at irregular 


intervals. One of these layers is the chlorophyll-bearing layer of the 
earlier stages of development of the caryopsis and in the mature fruit 
frequently contains starch grains. The outer epidermis is continuous 
and sHghtly undulating in surface contour and consists of rather large 
reciangidar cells, with relatively thin walls and large lumena. The 
inner epidermis, as in other Gramineae, is fragmented longitudinally into 
long tubular' cells, extending lengthwise of the caryopsis and connected 
with each other by their end walls, occasionally by their lateral walls, and 
by cells extending diagonally at infrequent intervals. In cross section 
these cells'usually appear circular or broadly elliptical as in figure 3. 

The inner integument (c) is a single-cell layer, continuous except at 
the hilum. The cells are much larger than any of the cells of the pericarp. 



lan. 20,1923 Structure of the Pericarp of Johnson Grass Seed 


197 


Their inner walls (d) and side walls (e) are very thick and dense, and 
dark brown in color; their outer walls are much thinner and less dense. 
There is a tendency for the outer walls to collapse into the cell lumen, 
which itself frequently becomes nearly or quite filled with a solidified, 
granular, slightly brown or yellowish mass of substance. 

The outer walls and solidified cell contents are usually difficult to dis¬ 
tinguish from each other. Together they are represented by the cross- 
lined areas (f) . 

Toward the distal end of the caryopsis the cells of the inner integument 
gradually increase in size and their inner walls increase in thickness, 
culminating in the great development shown in figure 2 (s). Over the 
embryo the inner integument is much thinner and somewhat lighter- 
colored than over the greater part of the endosperm—a feature which 
largely accounts for the lighter color of the embryo region of the caryopsis 
as contrasted with the endosperm region. The integument decreases in 
thi ckn ess also over the flat, or endosperm, side of the caryopsis proxi- 
mallv from the position indicated in figure 3, though on this side of the 
caryopsis its inner walls are always thick, dense, and very dark-colored. 
Proximally the inner integument ends in areas of special development 
at the micropyle and the hilum which will be described in detail in the 
following pages. 

Figures 4 to 8, showing specialized areas of the pericarp and inner 
integument of Johnson grass caryopses, were all drawn with camera 
iueida from freezing microtome sections of fully imbibed seeds, the 
sections having first been decolorized on the slide with Javelle water, 
stained with methylene blue, and mounted in 75 per cent glycerin solu¬ 
tion. The decolorizing process entirely removed the solid contents of 
the integument cells and somewhat increased the size of all cells. As 
the aleurone layer usually remained attached to the inner integument 
in the sections even when nearly all of the endosperm, fell out, this 
layer is shown in the figures representing areas where it is present, 

PERICARP AND INNER INTEGUMENT AT THE DISTAL END OF THE CARYOPSIS 

P 

Figure 4 represents a median sagittal section through the coverings of 
a Johnson grass caryopsis at its distal end. The inner integument (a) 
is much thicker than the combined thickness of the pericarp and the 
aleurone layer, and is much thicker toward the flat (endosperm) side 
of the caryopsis (A) than toward the embryo side (B), though this 
relatively great difference does not persist far from the distal end. The 
inner walls of the integument cells (1) are extremely thick and bear at 
intervals peculiar knoblike ingrowths (2) into the cell cavity. These 
ingrowths may be smooth but more frequently are studded with minute 
points. In the latter case, very infrequently one is found which before 
bleaching with Javelle water, but never after bleaching, exhibits double 
refraction in polarized light as if crystalline in structure. These ingrowths 
occur only near the distal end of the caryopsis. The long cells of the 
integument at the extreme distal end of the caryopsis sometimes extend 
far into the style and are broken off with the style by rough handling 
of the caryopsis. The relatively thin end walls of the integument cells 
at a little distance from the distal end are sometimes slightly folded (3) 
as if from the inward pressure of the pericarp, as it dries during matura¬ 
tion of the caryopsis. • 
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The aletirone layer (b) is of relatively thick-walled cells, but the walls 
are not pigmented’. Its thick walls, continuity, and persistent adherence 
to the integument are of interest in connection with the suggested pro¬ 
tective roll of this layer in grass caryopses (7)'. 


C 



Fig. 4.—Median sagittal section through the coverings of a Johnson grass earyopsis at 
its distal end; A, fiat, or endosperm side of earyopsis; B, embryo side of earyopsis; 

C p base of style, (a) inner integument, (i) inner walls of its cells, (2) inward thicken¬ 
ings of same, (3) end wails showing folds, (b) aleurone layer, (c) outer epidermis of 
pericarp. X ico. 

Of the pericarp only its outer epidermis (c) is clearly and definitely 
distinguishable in freezing microtome sections. The figure shows the 
base of one of the persistent styles (C). 

■ MICROPYLE AND SURROUNDING STRUCTURES 

Figure 5 represents a median sagittal section through the micropyle 
of a Johnson grass earyopsis. The position of the micropyle with refer¬ 
ence to other structures can be seen by comparing this figure with figure 
2.. The aleurone layer (fig. 2, 1 ; 5, a) on the embryo side of the earyopsis 
extends several cells beyond the proximal end of the scutellum (fig. 2, a; 
5, b), but falls several integument cells short of reaching the micropyle. 

The micropyle itself (fig. 5, c) is closed by the cells of the inner inte¬ 
gument (d,d) which has so crowded in from all directions as to become 
turned back upon itself externally, the cells from opposite directions 
coming together but without the walls fusing; The inner cells of the 
double layer thus formed (e) are greatly elongated in a radial direction 
and have very heavy, densely pigmented inner walls. The cells of the 
outer layer' (f) are considerably shorter and their outer (morphologically 
inner) walls are thick and heavily pigmented. On the side toward the 
hilum this reversed layer of irm 5 r integument cells extends within 2 or 
3 cells of the edge of the hilum (g) and forms a conspicuous hump. In 
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the opposite direction it extends only about half a dozen cells and its 
surface forms a regular flat contour with that of the single layer of cells 
of which the inner integument consists farther from the micropyle. 

The pericarp over the micropyle as elsewhere consists of the very 
distinct outer and inner epidermises and between these 3 or 4 cell thick¬ 
nesses of thin-walled, elongated, irregularly arranged cells. The outer 
epidermis (h) is of thick-walled cells with large lumena, rectangular in 
section; the inner epidermis (i) of small, thick-walled, closely crowded, 
heavily pigmented tubular cells, roundish or elliptical in sagittal section, 
but changing between the micropyle and the hilum to compressed, rec¬ 


tangular cells with much 
thinner walls. At this 
point the inner epidermis 
of the pericarp is under¬ 
laid by another layer of 
small, thick-walled cells, 
also heavily pigmented 
(k), which extends unin¬ 
terruptedly over the mi¬ 
cropyle from the hilum, 
thinning out and gradu¬ 
ally disappearing distally. 
The origin of this cell layer 
is not clear, but it may 
be a persistent portion of 
the outer integument in 
which the micropylar 
opening is entirely oblit¬ 
erated. Over the area 
where the reversed outer 



layer of the inner integu- Fig. Mean sagittal section through the micropyle and neigh- 
mpmt p-nrik n pvt frn boring structures of a Johnson grass caryopsis: a, aleurene layer: 

' . 1 C ^ L 1 * b, proximal end of scutellum; e, micropyle; d,d inner integu- 

hilum IS a mass of small, meat; e, its inner layer of cells at the micropyle; f, its outer layer 

i-vllit t of cells at the micropyle; g, edge of the hilum; h, outer epidermis 

irregular, closely packed. of the pericarp; i, inner epidermis of the pericarp; k, layer of cells 

nAnVom paIIc /1 \ wThnc^ locally underlying the inner epidermis of the pericarp, possibly a 

pc. icaip t-C 15 . 1 U 5 persistent portion of the outer mtegimient; I, group of closely 

very thick, densely pig- packed, thick-wailed pericarp cells whose walls seem to be fused 

a , ti ' r 1 °4 with the walls of the inner integument cells; ai, edge of irregular 

men tea ■ wails ate lusea scar of the caryopsis; n, scalariform tracheids of the pedicel; o. 

wi'fh Fhp* wmllc nf tlhiA inf-Acr- coiled branch of tracheid system; p, tracheids in rows parallel to 

ilu me * .cillbui me the surface of the hilrnn; r, pericarp cells which fill the hilum; s, 

ument cells Upon which large, empty, functionless endosperm cells which underly the" 

they impinge. This group micropyle ’ x l8 °* 

of cells around the margin of the hilum is continuous with the cells of 
the “closing tissue” of the hilum to be described in later pages. Thin- 
walled pericarp cells (r) fill the hilum. 

Where the caryopsis breaks irregularly from the pedical (m) the peri¬ 
carp is supplied with a group of scalariform tracheids (11), most of which 
end irregularly only a few cells from the break, while a few extend for a 
short distance in rows in a tangential direction over the'hilum. A con¬ 
stant feature of this system of tracheids is its splitting into two branches, 
one of which ends abruptly in a coiled knot, a few elements of which are 
shown (o) in a direction toward the micropyle, while from the other 
branch extend the rows of tracheids over the hilum (p). These latter 
rarely extend over the circular hilum' for more than one-third' of its 
diameter, and the underlying tissue of tlfe pericarp is entirely iionvascular. 
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Under the micropyle is a group of large empty fimctiortfess endosperm 
cells (s) which continue also under the hilum and gradually give place 
to the starchy reserve cells of the endosperm. 

THE HIIeUM 

Since in a caryopsis the seed never becomes detached from its peri¬ 
carp there is, of course, no true hilum, or seed scar. There is, however, 
in the caryopsis of the Andropogoneae, a large opening through the inner 
integument in the position corresponding to the hilum. Figure 6 repre¬ 
sents this hilar orifice of a Johnson grass caryopsis in median sagittal 
section and figure 7 in median transverse section. 

The cells of the inner integument are slightly turned outward at the 
margins of the hilar orifice (a, a). The group of small, compact, thick- 
walled, pigmented, pericarp cells mentioned in the preceding section are 



Fig. 6.—Median sagittal section through the hilar orifice of a Johnson grass caryopsis: A, sidle toward 
micropyle and endosperm; B, side toward embryo, showing inner integument (a, a), compact group 
of thick-walled pericarp cells (b, b), “dosing tissue” oi the hilar orifice <c), outer epidermis of the pen- 
carp (d), pericarp cells completely filling the hilar orifice in the integument (e). X .275. 

present outside of the margins of this orifice on all sides (b, b). ' They are 
particularly prominent in sagittal section on the side toward the micro¬ 
pyle (fig. 6, A) and are rather sparingly represented on the embryo side 
(fig. 6, B). Ninety degrees around the circumference of the hilar orifice 
from these points as shown in figure 7, they are very numerous, but not 
as thick-walled as at the longitudinal extremities of the hilar region. 
Stretching over this region from the points where these thick-walled 
pericarp cells fuse with the integument near the margins of the hilar 
orifice is a continuous stratum of several layers of pericarp cells with 
somewhat thickened walls (c), which, though forming a single tissue with 
the cells on both sides of them, differ from these in ways which are of 
great physiological significance. The radial contraction which charac¬ 
terizes all pericarp tissues in the dry, mature caryopsis, causing the very 
noticeable hilar depression, apparently reaches its maximum in this 
stratum, which also becomes densely pigmented with a dark brown 
pigment and, with the thick-walled cells shown at b, b, forms a pro- 
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tective cover to the large hilar opening through the inner integument. 
This cover we have designated as the “closing tissue’ 1 of the hilar orifice. 
As will be shown later, it is largely impervious to solutes and highly 
resistant to the action of 50 per cent chromic acid. In its protective 
function it supplements the inner integument with which it is struc¬ 
turally united through the fusion of the respective cell walls. Its intense 
pigment, showing through the overlying layers of pericarp cells, forms a 
circular black area which is always conspicuous in an external examina¬ 
tion of the entire caryopsis. Around this closing tissue in all directions 
the degree of pigmentation abruptly decreases, though there is no sharp 
line between the very dark central region and the surround.ing cells. In 
fact, when completely bleached with Javelle water, the cells of this dark 
central region and those above and below it are almost identical in 



Fig.' 7.—-Median transverse section through the hilar orifice of a Johnson grass caryopsis: a, a, inner integu¬ 
ment; b, b, compact group of thick-walled pericarp cells; c, “closing tissue” of the hilar orifice; d, Outer 
epidermis of the pericarp; e, pericarp cells completely filling the hilar orifice in the integument. X 275. 

appearance. The pericarp cells (e) within the margins of the hilar orifice 
are roughly cubical in shape and are arranged rather regularly in radial 
rows. In the absence of vascular bundle elements it is obvious that this' 
mass of tissue—completely filling the hilar opening through the integu¬ 
ment, and parenchymatous until pigmentation sets in during the matura¬ 
tion and drying of the caryopsis—acts as the only avenue for the con¬ 
duction of nutrient materials from the vascular elements at the base of 
the pedicel and over the hilar region to the developing embryo and 
endosperm. Rows of long, thin-walled cells in the central layers of the 
pericarp tissue leading from the coiled branch of the vascular bundle of 
the pedicel and continuous with rows of cells within the hilar opening, 
doubtless also function as conducting elements. In the mature un¬ 
bleached caryospis, however, the dark central portion is strikingly 
differentiated from the surrounding structures. Moreover, the contrast 
here existing is accentuated by partial bleaching of microtome sections 
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with Javelle water. After the surrounding cells are almost completely 
decolorized, the compact, densely pigmented central portion, the ‘‘closing 
tissue,” still remains very dark, with the individual cell walls wholly 
indistinguishable. Figure 8 represents in outline a median sagittal 
section of a Johnson grass ca^opsis which had received this partial 
bleaching with Javelle water. On further treatment with Javelle water 

the cell walls in this dark 
closing tissue (f) also become 
completely decolorized and 
the compressed cells resume 
their cubical shape as shown 
in figures 6 and 7. 

The relation of the clos¬ 
ing tissue of the hilum to 
the integument cells is fur¬ 
ther shown in figures 9 and 
1 o. The material from which 
the.se figures were drawn was 
from seeds which had been 
treated with 50 per cent 
chromic acid until the outer 
layers of the pericarp, the coverings of the embryo, the proximal end 
of the embryo itself, and the pericarp tissue within the hilar orifice 
had been dissolved away. This left in the hilar region only the more 
resistant integument and “closing tissue.” These were removed with 
a sharp scalpel, bleached, washed and stained upon the slide, and 
mounted in 75 per cent glycerin with thin strips of tissue paper under 
the cover glass to.. protect the 
now extremely delicate struct¬ 
ures from crushing. The fig¬ 
ures show only one cell layer 
of the closing tissue, which is 
really several cells thick. 

Figure 9 is an external view 
with the underlying margin of 
the hilar orifice shown as a con¬ 
tinuous heavy line (a). The 
drawing was made with camera 
lucida -and represents accu¬ 
rately the loose ends of the 
cell walls (b) at the margin of 
the tissue which had resisted 
the corrosive action of the 
chromic acid. 

Figure 10 is a view from the 
inner side of the hilum, looking out. The ends of the out-curving 
integument cells (a) present a stereoscopic appearance, while the much 
thinner-walled closing tissue (b) is shown in a .lower focal plane as it 
appeared through the hilar orifice. 

COMPARISON OF JOHNSON CRASS AND SUDAN GRASS FRUITS AND CARYOPSRS 

. Sudan grass seed differs from Johnson grass seed in certain minor 
ways, some of which, however, are physiologically important. Both the 
unhulled fruits and the can r opse$ are slightly larger, flatter, and more 



Fig. 9.—External view of the “ closing tissue” over the hilar 
oriiice of a Johnson grass caryopsis: a, underlying hilar 
margin; b, loose ends of cell walls of the “dosing tissue,” 
beyond which the tissue was destroyed by chromic acid; 
the arrow .points in the direction of the micropyle. X 1R0. 



caryopsis, partially bleached to show the “closing tissue” 
over the hilar orifice: a, embryo: b, endosperm; c, c, c, inner 
integument; d, micropyle; e, hilar margins; f, “closing tis¬ 
sue;” g, trachcids from the pedicel. X 27. 
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slender. The glumes are more fragile and more easily broken or removed, 
so that commercial lots of Sudan grass seed usually contain a considerably 
larger percentage of hulled caryopses than do Johnson grass seed. The 
caryopses are lighter colored, less glassy in appearance, and are more 
easily injured mechanically. The coat structures usually form con¬ 
spicuous delicate folds or creases over the axial organs of the embryo, 
as the embryo shrinks during maturation and drying, while in Johnson 
grass caryopses the coverings are stretched rather tightly over the 
embryo even after the caryopsis is fully dried. In a Johnson grass 
caryopsis the micropvlar prominence is usually the most proximal part 
of the inner integument, the embryo not extending farther forward 
than the micropyle. In a Sudan grass caryopsis, on the contrary, the end 
of the radicle and of 
the scutellum usually 
extend farther forward 
so that the inner in¬ 
tegument is strongly 
arched forward from 
the micropyle to cover 
these organs. The 
Sudan grass embryo 
is therefore more ex¬ 
posed to mechanical 
injury than the John¬ 
son grass embryo. 

The micropylar 
structure is frequently 
less massive in Sudan 
grass caryopses than 
in Johnson grass cary¬ 
opses. An open micro¬ 
pyle is rare in Johnson 
grass and somewhat 
more common in Sudan 
grass. One Sudan 
grass caryopsis was 
examined which had a nearly circular micropylar opening somewhat 
more than ioo microns in diameter through the integument. 

Many Sudan grass caryopses are very light colored, and occasionally 
one is found which is almost white. In some such light colored caryopses 
the inner integument is poorly developed or almost lacking. In others 
it is as well developed as in the dark colored caryopses, but is less pig¬ 
mented. Johnson grass produces no such light colored caryopses, and 
the inner integument is always well developed. Its thick inner wall, 
as well as the pericarp tissue, is more darkly pigmented than in Sudan 
grass caryopses. 

MEASUREMENTS OF COAT STRUCTURES 



Fig. 10.—Internal view of the hilar orifice of a Johnson grass caryopsis 
with its “dosing tissue;” a, ends of the integument cells; b, “closing 
tissue;” e, margin of the hilar orifice.; the arrow points in the direc¬ 
tion of the micropyle. X 180. 


Since removal of the coverings over the embryo of Johnson grass 
caryopses removes the restrictions to their germination at moderate and 
constant temperatures and makes them capable of germinating vigor¬ 
ously under the same conditions as Sudan grass caryopses, it was thought 
desirable to compare these coverings in the two kinds of seed. ■ Measure¬ 
ments were therefore made of the minimum .thickness of the coat 
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structures over various parts of the caryopses in 25-micron median sagittal 
freezing microtome sections of a large number of caryopses. Table 1 
summarizes these measurements for several portions of the caryopses, 
each entry being the average of the minimum thickness for five or six 
caryopses. 


Table I.— Minimum thickness in microns , of coat structures of Johnson grass and 

Sudan grass caryopses 1 


Area measured. 

Small 

plump, 

dark 

Sudan 

grass 

caryop¬ 

ses. 

Small 

well- 

matured 

Johnson 

grass 

caryop¬ 

ses. 

Large, 

very 

light- 

colored 

Sudan 

grass 

caryop¬ 

ses. 

Large, 
very 
dark 
Sudan 
grass,; 
caryop¬ 
ses. 

Large, 

well- 

matured 

Johnson 

grass 

caryop¬ 

ses. 

Integument and pericarp : 

Front of coleorhiza.... 

34 

29 

32 

28 

34 

Over radicle. 

o 1 i 

22 . 

28 

; 2 3! 

24 

Over coleoptile... 

29 ! 

21 

3 D : 

26 1 

21 

Over scutellum. 

3 6 j 

23 

o 1 1 

26 1 

25 

At micropyle 2 .. 

j 7S 

66 

79 : 

53 

<?6 

At hilar orifice... 

80 ! 

7i 

65 I 

64 

83 

Over middle of endosperm side.... 

40 

33 

43 ! 

38 

28 

Integument at micropyle. 

35 

42 

5 3 j 

48 1 

ss 

Bark area over hihtm.". 

11 

13 

i 

9 1 

13 j 

10 


1 Each entry is the average for several caryopses. 

3 The thickness at the micropyle was very variable, depending upon the manner in which the caryopses 
broke from the pedicel. 


In front of the point of the radicle and over the 'hilar orifice and 
micropyle the thickness of the pericarp and inner integument combined 
was greater in Johnson grass caryopses than in Sudan grass caryopses. 
These differences were related to the more forward position of the em¬ 
bryo in Sudan grass caryopses. 

Over all other portions of embryo and endosperm where measure¬ 
ments were made the coverings of the Sudan grass caryopses were 
thicker than those of Johnson grass caryopses. They were thicker also 
in light-colored than in dark-colored Sudan grass caryopses, this being 
the result of a looser arrangement of the different layers, especially the 
starch-bearing layer, of the pericarp and a less contracted condition 
of the inner integument in the light-colored caryopses. Only in the 
very darkest Sudan grass caryopses were the coverings structures as 
compact as in Johnson grass caryopses. 

The tendency for the pericarp tissues to fall loosely apart along the 
layers betweeen the outer and inner epidermises was greater in sections 
of Sudan grass caryopses than in sections of Johnson grass caryopses. 

RESISTANCE OP SEED COVERINGS TO RUPTURE PROM HEATING IN WATER, AND TO 
' IMBIBITION BY THE EMBRYO 

The differences in compactness of the coverings of Johnson grass and 
Sudan grass caryopses suggested that differences in mechanical resistance 
to rupture from the pressure of the expanding embryos might exist and 
might-be significant in relation to the germination behavior of the 
caryopses. . In an attempt to test the mechanical resistance of these 
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coverings, 100 each of the light-colored and dark-colored Sudan grass 
caryopses and of large and small Johnson grass caryopses were sub¬ 
merged In water in air-dry condition and slowly heated for three 20- 
minute periods with slow cooling between the periods of heating. The 
rate of heating was such that the water was just beginning to boil at 
the end of 20 minutes. 

Scarcely any caryopses broke during the first priod of heating, but all 
but a very few had broken by the end of the third period. The majority 
broke, first over the endosperm. At the end of the third period of heat¬ 
ing 42 small and 26 large Johnson grass caryopses and 9 dark and no 
light Sudan grass caryopses had broken over the embryo. The breaking 
of the coat structures of Johnson grass over the embryo and the failure 
of these to break In Sudan grass caryopses is evidently the result of 
their looser arrangement in the latter case and not of differences in 
resistance to pressure from within. The looser coverings of the Sudan 
grass embryo, and especially of those of the light-colored caryopses, 
allowed greater swelling of the embryos before these coverings were 
distended to their full capacity and at the same time gave better oppor¬ 
tunity for the escape of gases. A natural corollary of this fact is that, 
under germination conditions, the Sudan grass enbryo can imbibe a 
greater percentage of water without breaking the coverings than can 
Johnson grass embryos. If the force of imbibition of a Johnson grass 
embryo is insufficient to overcome the resistance of coat structures, the 
embryo will remain dormant on account of incomplete satisfaction of 
its water requirements. As a matter of fact actual tests with thick 
sections made with a freezing microtome and at once immersed in 
different solutions and examined with a microscope indicate that dormant 
Johnson grass embryos, even after long incubation under germination 
conditions, are about In equilibrium with 2-molar salt solution. The 
sections of the embryos contracted considerably in 4-molar salt solution 
and swelled very appreciably in water but underwent no appreciable 
change In 2-molar salt solution. Coat restrictions to water intake may, 
therefore, be important in Imposing dormancy and resistance to germi¬ 
nation here as with the seeds of many water plants (11,12.) 

COMPOSITION OF PERICARP AND INNER INTEGUMENT OF JOHNSON GRASS AND SUDAN 

GRASS CARYOPSES 

Only a few microchemical tests were made by the authors. The 
results of these tests were verified and additional tests were made by 
Dr. Sophia Eckerson, of the University of Chicago and the Bureau of 
Plant Industry of the United States Department of Agriculture, for 
whose generous assistance we are greatly Indebted. Table II sum¬ 
marizes Doctor Eckerson’s results so far as they are significant In the present 
comparison. 

The cell walls of the aleurone layer were of hemicellulose in both kinds 
of caryopsis. Although these walls are comparatively thick, it does not 
seem possible, in view of their composition and the much more resistant 
character of the integument and pericarp, to attribute to the aleurone 
layer any special protective function in uninjured caryopses. 

The pericarp tissues contained the same elements in both kinds of 
caryopsis, except iron, which was present in the outer epidermis of 
Johnson grass and absent in that of Sud&n grass, but pectic substances 
were' much more abundant and the suberization was less in Sudan grass 
22329—23-6 
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than in Johnson grass. The composition of the inner integument was 
quite different in the two kinds of caryopsis. In- Sudan grass caryopses 
it consisted mainly of hemicellulose, the inner walls being somewhat, 
and the outer walls rather more impregnated with suberin. In Johnson 
grass caryopses, on the contrary, the outer walls contained cellulose and 
were somewhat suberized, while the inner walls as well • as the closing 
tissue were suberin, strongly impregnated with fatty substance. The 
amount of fat, both in the walls and in the cell contents, was much 
greater in Johnson grass than in Sudan grass. 

In addition to the data shown in Table II, all layers of the pericarp 
and the integument contained tannin in both kinds of caryopsis, but 
more in Johnson grass than in Sudan grass. 


Table II .—Composition of coat structures of Johnson grass and Sudan grass caryopses 


Composition. 


Part examined. 


Johnson grass caryopses. 


Sudan grass caryopses. 


t 


Aletimne layer. 


Inner integument.. 


Pericarp 


"‘Closing tissue*’ of 
the hilar orifice. 


Cells walls hemicellulose. 

Inner cell walls pure suberin, 
impregnated with fatty sub¬ 
stances; fat also in cell con- 
\ tents. 

Outer cell walls have very 
little suberin; some cellu¬ 
lose. 

[All cell layers contain pectic 
substances and are suberized; 
a little calcium; a little cel- 
|J lulose; iron in outer layer. 

1 1 All layers swell in 2 per cent 
| oxalic acid and in ammo¬ 
nium hydrate of one-tenth 
commercial strength. 
'Suberin and considerable oil, 
which comes out after 10 to 
| 15 minutes* warming in al- 

j cohol. 


j Cell walls hemicellulose. 
i Inner cell walls hemicellulose, 
j somewhat suberized; much 
less fat than in Johnson grass. 

Outer cell walls hemicellulose, 
more suberized than inner 
j cell walls. 

j Similar to Johnson grass but 
j less suberized, with pectic 
j substances much more abun- 
j dant; no iron. 

| Swell much more than Johnson 
grass in oxalic acid and am- 
! monium hydrate solutions. 

j 

| Not determined. 

i 

I 

! * 


COMPARATIVE RATES OF BLEACHING WITH JAVELLE WATER—CORRELATION WITH 

GERMINATION 

These tests were made with one lot of Sudan grass caryopses and two 
lots of Johnson grass caryopses, using only uninjured caryopses which 
had been removed from the scales by hand. The Johnson grass seed 
was nearly two years old and was therefore fully after-ripened. When" 
fresh* No. 37001 was an unusually ready germinator, but the San Antonio 
tot was exceptionally resistant to germination. Almost 30 per cent of 
the naked caryopses of the former and less than 5 per cent of those of 
the latter germinated in 10 days at 25 0 C. At other temperatures the 
comparison was similar. The caryopses were placed in small vials, and 
several times their volume of Javelle water was added. The Javelle 
water was renewed after 1, 2, 6. and 24 hours and at intervals of 24 
hours thereafter until bleaching was complete. The first visible effect of 
the Javelle water was a pronounced darkening of the caryopses, probably 
due either to the action of the free alkali in the solution or to oxidations. 
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Caryopses of Sudan grass and Johnson grass No. 37001 became almost 
black in. one-half hour, and those of the San Antonio lot in an hour. 
The initial blackening was followed by gradual bleaching, which was 
first apparent and proceeded most rapidly over the embryos and thence 
advanced around the endosperm at the proximal end, and at the same 
time toward the distal end over the entire circumference of the caryopsis. 
As the seeds whitened the bleaching solution darkened. More rapid loss 
of color in spots frequently gave a mottled appearance to the bleaching 
caryopses. The closing tissue of the hilar orifice and the inner walls of 
the very large integument cells at the distal end of the caryopses were 
the slowest to show the effect of the bleaching and the last to become 
completely bleached. Often the circular closing tissue of the hiiuxn re¬ 
mained very dark 24 hours after all other tissue at the proximal end of 
the caryopsis was completely bleached. 

In many Johnson grass caryopses the coverings over the edges of the 
scutellum and over the axial organs bleached more quickly than a little 
to either side of the axis, leaving two prominent dark lines the whole 
length of the embryo after the rest was white. 

Table III shows in detail the progress of bleaching in the three lots 
of caryopses and the results of germination tests of the same lots of 
caryopses. The germination tests were made in 100 mm. Petri dishes 
with wet blotting paper as germination bed. Sudan grass was tested 
at room temperature and Johnson grass in an incubator at 26° C. 

Examination of the data in Table III shows that Sudan grass caryopses 
bleached much more rapidly than Johnson grass caryopses and Johnson 
grass No. 37001 more rapidly than the San Antonio lot. Correlated 
with the difference "in resistance of the two lots of Johnson grass 
caryopses to the action of Javelle water was a difference in the 
readiness with which they germinated. Tills latter difference, while 
only slight in the fully after-ripened condition at the time these 
tests were made, was, as previously indicated, very much greater 
when the seeds were fresh. Viability tests made after the third day 
by scratching the embryos along one side of the scutellum with a bent 
needle and returning them to the incubator for another day showed 
all the caryopses to be viable and capable of producing vigorous seedlings. 
The application of this method of determining the viability of Johnson 
grass embryos has been described elsewhere (15). 

A few of the most resistant Sudan grass caryopses bleached more slowly 
than a few of the least resistant Johnson grass caryopses. It is perhaps 
worthy of notice also in this connection that x per cent of the Sudan 
grass caryopses, though viable and potentially vigorous, did not germi¬ 
nate until after the coverings of the embryo had been opened—a process 
which induces the germination of the most resistant Johnson grass 
caryopses even before they have after-ripened. 

Additional bleaching tests were made with the San Antonio lot of 
Johnson grass, using caryopses which had failed to germinate in three 
days at 26° C. in comparison with others which had for three days been 
incubated as for germination except that germination was prevented by 
keeping them in an ice box. The caryopses remaining from the germi¬ 
nation test bleached on the average more slowly than those which had 
been incubated in the ice box, so that none germinated. This seems 
to indicate that the caryopses of this lot which had germinated were 
in general those which would have bleached most rapidly in Javelle 
water. 
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Table III .—Bleaching wth 

h Javelle water and germination of Sudd j 
grass caryopses 1 

% grass and Johnson 

i 

! 

Sudan grass. 

Johnson grass No. | 
37001. ; 

Johnson grass, San An¬ 
tonio, 1916. 

First evidence of bleach- 

60 seconds, lighter 

| 

15 minutes, light- 1 

15 minutes less 

in". 

over etnbrvo. 

er patches over j 

than in No. 


embryo. j 

370°*- 

First coloring of Tavelle 

60 seconds. 

30 minutes. 

: 60 minutes barely 

water. 



perceptible. 

First “axis” completely 
bleached. 

First embryo completely 

4^ minutes. 

; 45 minutes. 

120 minutes. 

7* minutes. 

120 minutes. 

None in 6 hours; 

bleached. 



| some nearly so. 

First seed completely 

; 3 hours, several 

None in 6 hours. . 

1 None in 6 hours. 

bleached except clos- 

in 6 hours. 



ing tissue. 




After 24 hours: 

Completely bleached. 

17 per cent. 

5 per cent. 

j 

! 1 per cent. 

Nearly all bleached.. 

78 per cent. 

6 per cent....... 

I 2 per cent. 

Little more than one- 

c; per cent. 

68 per cent. 

j S per cent. 

half bleached. 

i 

About one-half 

0 per cent,. 

j 19 oer cent. ! 

! 10 per cent. 

bleached. 

Less than one-half 

0 per cent. 

2 per cent.1 

79 per cent. 

bleached. 

Embryos bleached... 

100 per cent..... 

98 per cent. 1 

26 per cent. 

All but distal end 

0 per cent. 

10 per cent.i 

8 per cent. 

bleached. 

All but closing tissue 

i 

1 0 per cent., 

! 6 per cent. 

0 per cent. 

bleached. 

All, but distab end 

1 

l 0 per cent. 

( 

58 per cent. 

0 per cent. 

and dosing tissue 
bleached. 

Flat side bleached 

| 0 per cent.. 

0 per cent. 

24 per cent. 

more than embryo. j 

I 



After 48 hours. 1 

j Completely 

All but 10 com¬ 

Less advanced 

! bleached ex- 

pletely bleached 

than No. 37001. 


| cept small spots 

or nearly so. 

Seven " only 


j on a few ca¬ 


about one-half 

After 72 hours. 

ll ryopses. 
j Small spot on 

5 or 6 not com¬ 

bleached. 

15 or 20 not 


i one caryopsis 

pletely bleached 

completely 


1 unbleached. 

at distal end. 

; bleached. 

After <56 hours.. 

j All completely 

One not complete¬ 

One not complete¬ 

1 bleached. 

ly bleached. 

ly bleached. 

Germination: 

i 

x day..’_ 

1 98 per cent.. 

65 per cent. 

44 per cent. 

2 days. 

I 1 per cent. 

3 oer cent. 

19 per cent. 

3 days... 

i..'.. 


36 per cent. 

4 days 2 . 

i 1 per cent. 

32 per cent. 

Percentage viable....... 

j 100..... .., 

100. 

99 - 


1 xoo seeds were used in each test., both for bleaching and germination. 
s Caryopses scratched at end of third. day with a bent needle to induce germination. 


RESISTANCE OF COAT STRUCTURES TO THE ACTION OF CHROMIC ACID! CORRELATION 

WITH GERMINATION 

The resistance of the inner integument and the closing tissue in John¬ 
son grass caryopses to the action of chromic acid has already been 
referred to and might be inferred from the fact that these consist wholly 
or largely of suberin. 
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The first treatments were with halved earyopses of three lots of fully 
after-ripened Johnson grass seed showing 100 per cent viability in com¬ 
parison with halved earyopses of dark-colored and light-colored Sudan 
grass seeds. The earyopses, either in air-dry condition or after soaking 
in water, were cut hi halves along a median sagittal plane with a sharp 
scalpel and were then immersed in 50 per cent chromic-acid solution, 
which was frequently changed. At the end of 24 hours 1 .soaking in the 
chromic-acid solution some of the halved earyopses were washed in water 
and examined with the microscope. At this time considerable endo¬ 
sperm, white and normal in appearance, remained within the half-shells, 
but the majority of the embryos were entirely disintegrated. The cover¬ 
ings over the Sudan grass embryos were very considerably fragmented, 
and in most cases the remaining tissue was fragile and soft and tended to 
collapse into the empty embryo cavity. In the great majority of the 
Johnson grass half earyopses, on the contrary, the shells over the embryo 
cavity vrere intact or only slightly fragmented and remained stiff and 
brittle. Many of these were kept several days longer in 50 per cent 
chromic-acid solution without undergoing entire dissolution of the 
enbryo coverings. Embryo coverings of earyopses of the Johnson grass 
lot which was most resistant to germination, especially before after¬ 
ripening, were more resistant to the action of the chromic-acid solution 
than embryo coverings of the other two lots. 

Entire earyopses of these same lots of Johnson grass and Sudan grass 
and wheat grains from a lot showing 99 per cent germination in two days 
were next treated with 50 per cent chromic-acid solution in small vials 
each containing 100 earyopses. At 24-hour intervals the earyopses in 
the different vials were removed from the chromic-acid solution, thor¬ 
oughly washed with sodium-bicarbonate solution followed by distilled 
water, and put to germinate. At the same intervals earyopses were 
withdrawn from another vial of chromic-acid solution for sectioning 
and microscopic examination. 

All wheat embryos were uncovered and killed by the action of the 
chromic acid by the end of the first 24-hour period, though in the most 
resistant grains scutella and the larger part of the axial organs were 
still intact. Fragments of the outer coverings, sometimes including 
even the outer epidermis of the pericarp, remained. 

With Sudan grass earyopses only the inner integument and the closing 
tissue of the most resistant individuals remained intact at the end of 24 
hours' treatment. Occasional adhering remains of the outer coverings 
usually represented only the inner epidermis of the pericarp. The whole 
proximal end, both embryo and endosperm, tended to become slightly 
stained, showing the slight penetration of the acid. Only 1 per cent of 
the embryos of dark-colored earyopses were very weakly viable after 24 
hours in the chromic-acid solution. Sixty-seven per cent of the embryos 
of dark-colored earyopses were wholly or partly disintegrated, while the 
other 33 per cent were not yet exposed by the disintegration of the inner 
integument. Eight-colored earyopses were much less resistant than 
dark-colored earyopses, all embryos being more or less disintegrated and 
only a small distal portion of the endosperm remaining intact in several 
earyopses. 
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Table IV .—Resistance of the coverings of Johnson grass caryopses to the action of 50 per 

cent chromic add 1 


Seed lot 37001. 


Condition of caryopses: 

Apparently not affected, or slightly darkened 
or mottled over embryo. 

Portions of embryo or its coverings (espe¬ 
cially axial organs) more or less darkened or 
many after more than 1 or 2 days’ treatment 
with part of embryo eaten away. . .. 

Parts of endosperm eaten away through weak 
place in covering on flat side, usually oppo¬ 
site the embryo...... 

Germination percentage at 26° C.: 

1 day.... 

2 days... 

3 days. 


Total germination after unscratched period 2 . 


3 ^ys 2 . 

4 days 2 . 
6 days 2 . 


Total viable. 


Effect of varying length (days) of treat¬ 
ment with chromic acid. 


Per ct. 


65 

3 

o 


68 


Per ct. I Per ct. 
45 i 12 


30 1 S3 


40 

4 

o 


44 


3 2 ; 
o 


100 \ 


45 


12 

2 

1 


Per ct. 

7 


93 


3 

i 3 


15 


*5 


Per ct. 
2 


98 


Seed lot from San Antonio, 1927. 


Effect of varying length (days) of treat¬ 
ment with chromic acid. 


Condition of caryopses: 

Apparently not affected, or slightly darkened 
or mottled over embryo. 

Portions of embryo or its coverings (espe¬ 
cially axial organs) more or less darkened or 
many after more than 1 or 2 days treatment 
with part of embryo eaten away. ... 

Parts of endosperm eaten away through weak 
place in covering on fiat side, usually oppo¬ 
site the embryo. 

Germination percentage at 26° C. : 

1 day..... 

2 days..... 

3 days.... 


Total germination after unscratched period 2 . 


3 days 2 . 
i 4 days 2 . 
' j 6 days 


Total viable. 


Per ct. 


48 

11 

1 


Per ct. 

65 


34 


44 

16 

I 


60 


61 


40 | 

O ! 




Per ct. 
26 


73 


15 

6 


Per ct. 
22 


78 


15 


Per ct. 


94 


24 


17 
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Table IV. —Resistance of ike coverings of fohnson grass caryopses to the action of 50 
per cent chromic acid —Continued 


Seed lot from San Antonio, 1916. 


Condition of caryopses: 

Apparently" not affected, or slightly 
darkened or mottled over embryo.".. 
Portions of embryo or its coverings 
(especially axial organs) more or less 
darkened or many after more than 1 
or 2 days 9 treatment with part of em¬ 
bryo eaten away. 

Parts of endosperm eaten away through 
weak place in covering on flat side, 
usually opposite the embryo. 


Germination percentage at 26° 

1 day. 

2 days. 

3 days... 


C.: 


Total germination after unscratched 
period 2 . 


3 days 2 . 

4 days 2 . 
6 days 2 . 


Total viable. 


Effect of varying length (days) of treatment with 
chromic add. 


0 

1 

2 

3 

s 

7 

Per ct. 

Per ct. 

Per ct. 

Perct. 

Per ct. 

Per ct. 


73 

s° 

24 

) 

7 



26 

50 






| 76 

93 



1 

* 0 

J 



44 

\ 60 

i 

; 40 

12 



19 

12 

! s 

IO 

2 


0 

0 

! 1 




63 

72 

1 

! 46 

22 

2 





4 I 

O 

I 

36 

I 

0 

0 

O 

O 

0 

2 

0 

0 

O 

O 

99 

1 75 

46 

26 

2 

I 


1 The different lots are arranged in the order of increasing difficulty of germination, especially before 
after-ripening. 

2 Embryos scratched at end of second or third day with a bent needle to induce germination. 

Table IV shows the main features of the result with Johnson grass 
caryopses. These were remarkably resistant to the action of the chromic 
acid. The following points deserve special mention: 

1. The resistance of the different lots to the action of the acid increased 
with increasing difficulty of germination, the readiest germinator (No. 
37001) being most rapidly attacked by the acid and the poorest germinator 
(San Antonio, 1916) being most resistant. 

2. The action of the acid for 24 hours or a longer period so reduced the 
resistance of the coat structures that practically all the embryos which 
were still viable germinated in 2 or 3 days without “scratching” whereas 
about 40 per cent of the controls failed to germinate until after scratch¬ 
ing. In ilie most resistant lot (San Antonio, 1916) the percentage which 
germinated without scratching was actually increased by 24 hours' treat¬ 
ment. This recalls the action of concentrated sulphuric acid in removing 
the embryo coverings and thus inducing prompt and complete germination 
(r5). In the case of the chromic acid the least resistant caryopses were 
killed within the first 24 hours, but a larger number of the most resistant 
caryopses were rendered easily germinable by the action of the acid. 

3. The percentage of viable caryopses, and after the first 24 hours the 
percentage which germinated without scratching, decreased progres¬ 
sively with increased length of time in the chromic-acid solution. 

4. In contrast to wheat and Sudan grass caryopses, which were killed 
within 24 hours,., a small percentage of Johnson caryopses were still viable 
after 5 to 7 days. 
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A few Johnson grass earyopses had small, less resistant areas in the 
coat structures on the flat endosperm side opposite the embryo. The 
chromic acid, penetrating through these areas, ate small, deep holes into 
the endosperm. Such earyopses usually germinated if the integument 
over the embryo was still intact and the embryo itself uncolored by the 
acid. In fact even the starchy endosperm tissue, on account of its very 
hard, compact, glassy texture, seemed to be considerably more resistant 
to the corrosive action and to the penetration of the acid than, was true of 
Sudan grass or wheat endosperms. 

Nearly all earyopses which germinated after treatment with chromic 
acid belonged to the first class shown in Table IV “apparently not 
affected. ” Of these nearly all produced strong vigorous seedlings when 
the length of the treatment did not exceed two days, with progressively 
weaker seedlings after longer treatments. All treated earyopses which 
germinated only after scratching produced very weak seedlings, while 
untreated earyopses which were brought to germination by scratching 
produced as vigorous seedlings as those which germinated without 
scratching. 

Microscopic examination of sections of the most resistant earyopses 
showed the inner integument and the closing tissue of the hilar orifice 
intact even after .seven days treatment. Frequently the outer walls of 
the integument cells after more than two days’ treatment were thoroughly 
disintegrated in. places or so weakened and brittle that they broke away 
in sectioning, leaving only the thick inner walls covering the aleurone. 
All pericarp layers were present in places except after the very longest 
treatments, but these were greatly attacked at the hilar orifice, micropyle, 
and style, usually laying bare the closing tissue and sometimes also the 
micropyle within 24 hours. In most of the less resistant earyopses small 
portions of the integument were eaten away by the acid before coloring or 
disintegration of the underlying tissue began, but in a few of the less 
resistant and several of the more resistant earyopses there was evidences 
of local penetration of the acid sufficient to cause discoloration, through 
intact portions of the integument. The integument cells were on the 
average much more quickly destroyed over the embryo than elsewhere, 
so that after several days’ treatment the embryo coverings in many 
earyopses were largely gone and the embryos themselves entirely gone, 
leaving at the proximal end of the caryopsis only the integument cells 
on the fiat side and the closing tissue of the hilar orifice. From such 
earyopses were obtained the integument portions from which figures 8 
and 9 were drawn. 

resistance to penetration op iodxn solution 

Brown, working with cereals (j) was the first to discover the existence 
of a nonliving, semi-permeable membrane surrounding any seed. He 
soon discovered (j, 4) that this membrane had selective qualities, allow¬ 
ing many solutes to pass through it readily, others only very slowly, and 
excluding still others. Schroeder (28) discovered a similar semi-permeable 
membrane in wheat grains, and showed that this membrane admitted 
both water and penetrant solutes mostly around the embryo and little if 
at all at the distal end of the grain. Collins (9) confirmed for barley 
Schroeder’s result with wheat. His results led him to believe that the 
entry of both water and solutes#took place almost wholly through the 
micropyle, which, however, he was unable to locate exactly. All of 
these authors agree that iodin passes through the selective permeable 
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membrane in question more readily than most solutes, but Collins con¬ 
cludes that the barley grain does not appear to possess perfect imperme¬ 
ability to any solute. 

To test the resistance of the coat structures of Johnson grass earyopses 
to the penetration of iodin, earyopses of the lot which had proved to be 
most resistant "to the action of chromic acid and of Javelle water (San 
Antonio, 1916, Table III and IV) were immersed in a very dilute iodin 
potassium iodid (I 2 KI) solution for three days and then tested for 
germination or sectioned for microscopic examination. Since both 
Johnson grass and Sudan grass earyopses usually contain starch in the 
embryos, the penetration of iodin solution in these can be observed to 
better advantage than in the cereals with their starchless embryos. 

About 4 per. cent germinated very weakly after scratching of the embryo 
with a needle. In these the needle wound healed, with darkening of the 
surrounding cells, much as in normal untreated earyopses. In all of 
these germinable earyopses the iodin had penetrated the coat structures 
and stained the underlying starch, either locally in small patches of the 
endosperm, or less frequently around the periphery of nearly the entire 
endosperm; but in none of them was any of the starch in the embryo 
stained. In some of them small areas of the embryo or of the endosperm 
portions underlying the scutellum stained pinkish brown, possibly from 
the penetration of iodin unaccompanied by the potassium ions which are 
necessary for the formation of the blue starch-iodin combination. 

In the majority of the earyopses which failed to germinate, both of 
this lot and of No. 37001 treated at another time both in air-dry con¬ 
dition and after soaking in water, the iodin entered and stained the 
starch most promptly and abundantly along the margins of the scutellum, 
staining both endosperm and embryo starch. The stained areas gradu¬ 
ally spread to cover the whole adjoining surfaces of the endosperm and 
the scutellum. From thence the stained areas advanced to the central 
organs of the embryo, and along the periphery of the endosperm from 
the under surface of the scutellum toward the distal end of the carvopsis, 
thus paralleling in general the course described by Collins for barley. 
The evidence seems to indicate that the iodin entered most readily 
through the hilar orifice, or the micropyle, or both, passing at once 
around the caryopsis and in a distal direction along the inner surfaces of 
the aleurone layer and of the scutellum. The passage of the iodin to the 
middle part of the proximal end of the scutellum and to the adjoining 
starchy endosperm cells seemed to be retarded by the intervening large, 
empty endosperm cells lying between the hilar orifice, mircopyle, and 
proximal end of the scutellum, so that the distal end of the scutellum, 
though farther removed from the hilar region, became stained sooner 
than the proximal end. There were frequent undoubted cases also of 
local penetration of the iodin in some abundance through the uninjured 
integument. The iodin always passed only very slowly toward the center 
of the endosperm in a radial direction. In the periphery of the endos¬ 
perm the extreme distal portion was almost invariably the last to stain. 
The penetration even around the embryo was not rapid enough to prevent 
the germination while in the iodin solution of about 16 per cent of one 
lot of earyopses which had previously been soaked in water in an ice¬ 
box. Of course germination proceeded only to the extent of breaking the 
coverings over the embryo, after which the embryos were promptly killed. 

Sudan grass, wheat, and dent corn earyopses were soaked in weak. 
I 2 KI solution and examined for comparison with Johnson grass earyopses. 
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Only uninjured caryopses were used. In Sudan grass caryopses the 
iodin followed the same course as in Johnson grass caryopses but pene¬ 
trated at the proximal end nearly twice as rapidly. In all of the wheat 
grains black bands appeared round at least a part of the base of the 
embryo within 2 hours and spread within 24 hours around and under the 
embryos and a half or more of the way to the distal end of the grains. 
There were also local areas of penetration elsewhere in a few grains. 
All embryos at the same time became stained light brick red. In the 
corn, black areas appeared within a very short time, first at the dent then 
generally at various points scattered over the grain. At the end of 24 
hours a thin starch-stained zone just within the coat structures covered 
the entire grains except the thick hull at the extreme proximal end 
and sometimes a portion of the dent. 

It is evident, therefore, that even the easily penetrating iodin solution 
found access to the embryos of Johnson grass somewhat more difficult 
than to those of Sudan grass and much more difficult than to those of 
wheat and com. 

PENETRATION OF OTHER SOLUTES; POSSIBLE EFFECT UPON GERMINATION 

In 2-molar and 4-molar solutions of sodium chloride, freshly harvested 
Johnson grass caryopses behaved at first as if they were protected by 
semipenneable membranes, imbibing quantities of water which decreased 
with increasing concentration of the solutions, losing water when trans¬ 
ferred from the weaker solution with which they were in equilibrium to 
the stronger solution, and taking up water until they regained their 
previous weight when the reverse change was made. For some time 
they retained their viability when thinly covered with the salt solution/ 
but by the end of several weeks they had taken up sufficient salt to kill 
all of the embryos. 

Immersion of the freshly harvested caryopses for seven days in tnolar 
solutions of potassium sulphocyanid (KCNS), sodium sulphocyanid 
(NaC'NS), and lithium nitrate (XiNO s ) killed all of the caryopses; nearly 
all were killed by immersion for seven days in molar solutions of potas¬ 
sium nitrate (KN 0 3 ), sodium chlorate (NaC 10 3 ), barium sulphocyanate 
(Ba(CNS) 3 ), and urea (CO(NH 2 ) 2 ); about one-half survived seven days’ 
immersion in molar solutions of lithium suplhate (Li>S 0 4 ), barium nitrate 
(Ba(NO s ) 3 ), magnesium nitrate (Mg(N 0 3 ) 2 ), and potassium tartrate 
(K 2 C 4 H 4 0 6 )« Molar solutions of other salts for the same length of time 
caused less injury, and immersion in water for seven days caused no loss 
of viability.' 

Immersion of fully after-ripened caryopses for one or two days in 5 per 
cent acetic acid (CH s COOH), 5 per cent hydrochloric acid (HC 1 ), 5 per cent 
ammonium hydroxid (NH 4 OH) , 3 per cent alcoholic potassium hydroxid 
(KOH), 95 per cent alcohol, acetone, ether, chloroform, or xylol killed 
all of the caryopses; immersion for one. day in 3 per cent sulphuric acid 
(H 2 S 0 4 ) killed 80 per cent of them; and immersion for two days in satu¬ 
rated calcium chlorid (CaCl 2 ) solution killed 20 per cent of them. The 
controls soaked two days in water,, were uninjured. All of the solvents 
or solutes mentioned in this paragraph increased the subsequent rate of 
bleaching of the thoroughly washed caryopses with Javelle water and the 
rate of penetration of iodin solution; hydrates had the most effect, fat 
. solvents next, followed by acid§ and by (CaCl 2 ), which had very little 
effect., . 
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COAT CHARACTERS IN RECATION TO GERMINATION 

It can be seen from the preceding section that many solutes of various 
chemical nature pass through the membranes covering Johnson grass 
embryos. It has also been shown that certain chemical treatments 
greatly fayor germination. These treatments include removal of the 
coverings over the embryo by means of concentrated sulphuric acid, 
treatment with chromic acid for a long enough time to weaken these 
coverings without killing the embryo, treatment with mercury salts, 
subjection to atmospheres with high concentration of carbon dioxide, 
and etherization (15, 16). Furthermore, certain of the salts mentioned 
in the preceeding section which were toxic in molar solutions slightly 
stimulated germination when used in tenth to hundred thousandth molar 
solutions and hydrogen peroxid in proper concentrations is also an effi¬ 
cient forcing agent. 

The question arises: Do the beneficial effects of these chemical treat¬ 
ments result from stimulation of the embryo protoplasm or from the 
removal or lessening of coat restrictions ? If the latter they may produce 
the effects observed either by increasing the permeability of the coat 
structures to solutes, thus admitting oxygen or releasing inhibitors which 
are held by them, or by decreasing the mechanical resistance of the coat 
structures to the expansion of the embryo. 

Denny (13) has shown that tannins, lipoids, and pectic substances 
greatly decrease the permeability to water of seed coats which are im¬ 
pregnated with them, while suberized membranes were not significant 
in the seeds which he studied except as these membranes became impreg¬ 
nated with fatty substances, which he showed did decrease their per¬ 
meability. 

The pectic substances and hemicellulose in the coat structures of Sudan 
grass caryopses including the inner integument indicate that these mem¬ 
branes would probably take up water slowly, but in larger total amount 
than those of Johnson grass, thereby becoming more distended, with a 
greater weakening of their mechanical resistance. The greater abun¬ 
dance of tannin and of suberin and its associated fatty substances in the 
coat structures of Johnson grass, on the other hand, would tend to limit 
the total amount of water which they are able to absorb and their per¬ 
meability to water and to substances in aqueous solution below the level 
obtaining for Sudan grass but should not effect the total amount of water 
which might in course of time pass through them if the embryo and 
endosperm were able to absorb it. These limitations would reach their 
maximum in the inner walls of the inner integument and in the closing 
tissue of the hilar orifice. 

Johnson grass caryopses, either in the scales or with the scales removed, 
take up water so rapidly that limited permeability of their coverings to 
water can not be considered as a possible cause of their dormancy and 
germination physiology. In fact the freshly harvested, dormant, naked 
caryopses absorb water when immersed in it so that their total moisture 
content is about 50 per cent of their dry weight at the end of 24 hours, 
after which small amounts are absorbed. So far as water intake is con¬ 
cerned, therefore, the coat structures need be considered only as possibly 
limiting by their physical resistance, the total amount of water imbibed 
by the caryopses. 

It is probable, however, that the substances which Denny (13) found 
limiting the permeability of membranes to water would also decrease 
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their permeability to substances in aqueous solution. We have shown 
that this is true so far as the effect of lipoid substances upon the penetra¬ 
tion of I 3 KX solution is concerned. If on account of restricted permeabil¬ 
ity metabolically developed inhibitors to germination were prevented 
from escaping from the embryo as suggested by Kidd (20) and by Maze 
(23, 24 ), or if the concentration of oxygen within the embryo were thus 
maintained below minimum required for germination, dormancy would 
result. 

It has been shown (16) that carbon dioxid in a wide range of concen¬ 
tration forces the germination of dormant Johnson grass caryopses, 
showing that Kidd’s earlier hypothesis which indeed he and West (21) 
modified in a latter paper, does not apply in this case. We have found, 
furthermore, that increased partial pressures of oxygen in the atmosphere 
or even very high oxygen pressures are not effective in forcing the 
germination of Johnson grass. Limited oxygen supply, therefore, does 
not seem to play the role here that has been shown for dormant wild 
oats (1) Xanthium (io, 29) and other seeds; the forcing action of hydro¬ 
gen peroxid on the germination of Johnson grass must apparently have 
some other explanation than increasing the oxygen supply of the embryo. 

As for Mazl’s hypothesis of acetic aldehyd as an inhibitor to germina¬ 
tion Brown (4), Schroeder (28), Collins (9), and Brown and Tinker (5, 6) 
have shown that acetic aldehyd and smilar compounds pass through the 
selective permeable membranes of wheat and barley rather readily. In 
our own work ether, acetone, chloroform, 95 per cent alcohol, and Xylol 
all entered Johnson grass caryopses in 24 hours at room temperature in 
sufficient quantity to kill the embryos. It is highly improbable, therefore, 
that acetic aldehyd would be kept in by the coats in sufficient concentra¬ 
tion to hold the caryopses in a dormant condition for months or years under 
good conditions of moisture and aeration, as we have found to be the case 
with Johnson grass caryopses. The force of this argument is increased 
when we consider that if acetic aldehyd is present in the caryopses it is 
there as a product of respiratory activities, and that respiration is on a 
very low level in the dormant caryopses. If there were other possible 
water-soluble inhibitors present in the embryos, the same logic would 
apply to their removal. 

If we turn now to the possible explanation of coat effects as related to 
the swelling of the embryo, we find the following situation: Sulphuric 
acid removes the coat structures; chromic acid weakens them; mercury 
salts probably tend to coagulate the coat colloids and may thus weaken 
the coat structures; lipoid solvents dissolve a part at least of the lipoid 
substances with which they are impregnated, thus increasing their per¬ 
meability and probably also weakening their physical resistence; and 
salts other than those of mercury which increase germination (chlorates, 
sulphates, nitrates, sulphyocyanates) tend to increase the hydration of 
colloids and may thus weaken the coat structures. All these substances 
might be supposed to produce their beneficial effects upon germination, 
in' part at least, by altering coat colloids. This can hardly be the case, 
however, with carbon dioxide, which probably passes through the peri¬ 
carp and integument in solution and acts upon the embryo itself. Un¬ 
doubtedly also all of the other substances which have been shown to 
stimulate germination pass through the covering membranes of the cary¬ 
opses at least in very limited amounts. These membranes apparently 
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are not completely impermeable to any solute. These substances, even 
the highly toxic salts of mercury, may therefore reach the embryo in 
exceedingly small, subtoxic or only slightly toxic doses—much weaker 
than the-solutions in which the caryopses are soaked—and stimulate it 
into growth. Moreover, treatment of freshly harvested Johnson grass 
caryopses with tenth molar to hundred thousandth molar solutions of 
hydrochloric, acetic, oxalic, citric, and tartaric adds and of sodium 
hydrate—all of which are colloid hydrators—did not increase their ger¬ 
mination as we should expect if decreasing the coat resistance by increas¬ 
ing the hydration of coat colloids were the only factor involved. 

Apparently with chromic acid the treatments which stimulate ger¬ 
mination are such as just fall short of serious injury, exactly as Kidd and 
West ( 21 ) reported for dormant white mustard seed with a number of 
stimulating agents, which are not classifiable under any other head. 
Also some at least of the other substances which increase germination 
are toxic to the intact, dormant caryopses if employed in too great con¬ 
centration, In the case of the wounding of the scutellum with a needle 
there is always definite, concrete evidence of a reaction of the living pro¬ 
toplasm in the prompt darkening (probably from suberization) of the cell 
walls along the wound surfaces. This reaction takes place only slowly if 
at all in dead embryos when these are scratched. 

The argument set forth in the preceding paragraph might lead to the 
hypothesis that the favoring effect of various treatments upon germina¬ 
tion is entirely the result of stimulation of the embryo protoplasm. This 
hypothesis, however, leaves unexplained one important earlier obser¬ 
vation (75). If the distal ends of the dormant caryopses are cut off 
just back of the ends of the embryos and the embryo portions are 
put to germinate, the following reactions ensue. First, a slight disten¬ 
sion of the starchy endosperm beyond the edges of the cut surfaces of 
the coat structures; second, after a day or two the cells of the epithelial 
layer of the scutellum begin to elongate in the region of the cut surface 
and the digestion of the starch begins in the endosperm cells underlying 
such areas of elongation exactly as in the early stages of normal germina¬ 
tion of inmutilated caryopses; third, a few days later, normal germination. 

The most probable explanation of this set of phenomena is the effect of 
an increased swelling capacity of the embryo due to the reduction of the 
mechanical pressure upon it, this time working from behind the embryo 
and effecting it more slowly than when the coverings were removed from 
the embryo itself. To be sure, the radicle and epicotyl break through 
their coverings when germination occurs exactly as in the germination of 
tmmutilated caryopses, but as the result of growth forces which are greater 
than the imbibitional force of the partially imbibed embryo, and which 
could not be initiated so long as the swelling of the embryo was greatly 
restricted. And it has been shown in a previous section (see p. 205) that 
the embryos of dormant imbibed caryopses are not completely satisfied 
with water. Theoretically increased oxygen supply to the embryo or 
the removal of an inhibitor to germination may play a part also, but the 
theory of increased imbibition seems much more plausible. 

Cereals and other grasses which were not after-ripened have been in¬ 
duced to germinate by this method of cutting the grain in two just back 
of the embryo. Others (2, 18) also have induced germination of cereals 
which were not after-ripened by wounding the endosperm, and have 
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attributed the result to effects upon oxygen or water absorption. To be 
sure, ICiessling (22) reported that coating the wounded endosperms 
with substances which he claims prevented increased imbibition as a 
result of the wounding did not prevent the stimulating effect upon 
germination and used this fact in support of his “stimulus” hypothesis 
But it is difficult to accept this hypothesis, because the only avenue for 
the transmission of such a stimulus to the embryo through the medium 
of living cells appears to be along the aleurone layer, and even this*, 
path is interrupted along the adjoining faces of the scutellum and 
endosperm by a mass of compressed nonliving endospermic cell walls. 
Furthermore, in our experiments with Johnson grass caryopses the 
first evidences of vital and enzymic action were observed, not where the 
aleurone approaches the scutellum—that is, at the extreme distal end 
of the scutellum, but in the area nearest to the cut surface—that is, 
several epithelial cells from the extreme distal end. 

There is one strong indication that the coat structures are more or 
less directly responsible for the dormancy and germination physiology 
of Johnson grass caryopses independently of any effect upon the embryo 
protoplasm of the operation of removing or weakening these structures, 
namely, the correlation which has been shown in previous sections 
between the resistance of these structures to certain reagents, on the 
one hand, and the germination of the fresh caryopses, on the other. 
That differences in these coat structure occur as between different kinds 
of seed with different germination requirements might be wholly inci¬ 
dental and irrelevant. But when in addition similar differences occurring 
in different lots of the same kind of seed parallel in a logical manner 
differences in germination under identical external conditions, the 
parallelism can hardly be without significance. These considerations 
suggest that the inhibitory effect of the unusually tough and compact 
coverings of the embryo may be related primarily to a purely physical 
restriction of the imbibitional swelling of the embryo, especially its 
axial organs, a restriction which is enhanced by the location of these 
organs almost wholly enveloped by the massive wings of the scutellum 
and is increased also by the pressure of the tight-fitting scales within 
which the caryopses are inclosed. That such a physical restriction is 
paralleled by a decrease in permeability of the coat structures and an 
increase in their resistance to chemical attack is entirely natural, since 
the tensile strength, elasticity, and extensibility of the coat structures is 
determined by the degree of drawing together of the individual elements 
and the degree of their impregnation with substances which are insoluble 
in water and which confer relative impermeability. It should be stated, 
however, that actual proof of this hypothesis, which relates the tardy 
germination of Johnson grass seeds to restricted imbibition by their 
embryo, is, in fact, wanting. As already pointed out, certain facts 
indicate that other factors, perhaps involving direct stimulation of the 
embryo protoplasm, enter into the forcing of their germination by 
chemical reagents. A sharp distinction should be maintained between 
mechanical and chemical forcing of germination even when, as here, the 
same kind of seeds is used in both cases. The fundamental explanation 
may be quite different in the two cases. 
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SUMMARY 

(1) Johnson grass seed is markedly dormant when first matured under 
ordinary conditions of storage, requires a number of months for com¬ 
plete after-ripening, and even when fully after-ripened will not germinate 
completely except with the use of alternating temperatures in a very 
warm temperature range. Seeds of its close taxonomic relative, Sudan 
grass, germinate freely with a wide range of temperature either constant 
or alternating, and without the intervention of any considerable period 
of after-ripening. 

(2) Johnson grass caryopses are invested in the fruit with very hard, 
tight, usually darkly pigmented scales (glumes), the removal of which 
accelerates the germination of the caryopses and increases their ger¬ 
minating capacity. 

(3) The coverings of the naked mature caryopses of both grasses con¬ 
sist of the fused pericarp and inner integument, the outer integument 
and nueellus having entirely disappeared, with the possible exception 
of a portion of the latter over the micropyle. The complete or partial 
removal of these coverings over Johnson grass embryos induces prompt 
and complete germination even of freshly matured caryopses, and under 
the temperature conditions for the germination of Sudan grass seed. 

(4) The pericarp of both kinds of caryopsis consists of a continuous 
outer epidermis, a fragmented inner epidermis, and several intermediate 
layers of loosely arranged cells. One of these layers frequently contains 
starch. The outer epidermis does not have especially thick walls and is 
easily broken. The pericarp tissue breaks jaggedly at the pedicel when 
the caryopsis is removed from the scales, thus opening a passage for 
solutes into the pericarp tissue clear to the inner integument. 

(5) The inner integument of both kinds of caryopses is highly developed 
and of large cells with very thick, darkly pigmented inner walls. 

(6) The micropyle is usually completely closed by a massive, recurved 
development of die inner integument. 

(7) The large circular hilar orifice contains no vascular elements, con¬ 
duction from the vascular bundle of the pedicel and outer layers of the 
pericarp over the hilar region being by means of parenchymatous pericarp 
tissue which entirely fills the hilar orifice, and is fused with the inner integ¬ 
ument at the hilar margins. 

(8) A zone of this conducting pericarp tissue lying just outside the 
hilar orifice and including the elements which are fused with the inner 
integument becomes greatly contracted radially and darkly pigmented 
during the maturation of the caryopsis. This pigmented zone of the 
pericarp and the inner integument together constitute for the caryopsis 
an unbroken investment which is extremely resistant to the action of 
Javelle water and of chromic acid and has the quality of selective per¬ 
meability, though it probably does not exclude any solute entirely. 
Penetrant solutes (iodin solution) enter much more readily at the proxi¬ 
mal end of the caryopsis, probably through the hilar orifice, than else¬ 
where, but they also frequently enter locally in other places, 

(9) The coverings of Sudan grass caryopses are more fragile and their 
embryos are less tightly inclosed and are so situated as to be more ex¬ 
posed to mechanical injury than is the case with Johnson grass caryopses. 

(10) The coverings of the caryopses are thicker over the hilar and mi- 
cropylar regions and in front of the poijit of the radicle in Johnson grass 
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caryopses than in Sudan grass caryopses, this difference being related to 
the more forward exposed position of the Sudan grass embryos. In 
other regions the coverings of Sudan grass caryopses are thicker than 
those of Johnson grass caryopses but are less compact and less darkly 
pigmented and offer less effective insulation to the embryo. 

(ix) The coverings of Johnson grass caryopses are much more resist¬ 
ant to the bleaching action of Javelle water and the corrosive action of 
chromic acid and are somewhat less readily penetrated by iodin than are 
those of Sudan grass caryopses. The lots of Johnson grass caryopses 
which are most resistant to the action of Javelle water and of chromic 
acid are most deeply dormant when fresh and most resistant to germi¬ 
nation when after-ripened. 

(12) The coverings of wheat caryopses are less resistant to the action 
of chromic acid than are those of Sudan grass caryopses. 

(13) The coverings of wheat and corn are more readily permeable to 
iodin than are those of Sudan grass caryopses. 

(14) Soaking Johnson grass caryopses in lipoid solvents kills the em¬ 
bryos and at the same time increases the rate of the subsequent pene¬ 
tration of iodin and the rate of subsequent bleaching in Javelle water. 

(15) The inner integument and the various layers of the pericarp of 
Johnson grass all contain tannin compounds, and all are highly 
suberized, especially the inner wall of the inner integument, which con¬ 
sists of suberin impregnated with fats and to which is due the great re¬ 
sistance of the caryopses to the action of chromic acid. Probably tannin, 
suberin, and lipoids all increase the strength and diminish the extensi¬ 
bility of the coat membranes and decrease their permeability to solutes, 
and probably all are related to the inhibiting effects of the coverings of 
the caryopsis upon germination. 

(x6) While this hypothesis is not subject to exact proof it seems prob¬ 
able that the character of the coverings of Johnson grass caryopses limits 
the imblbitionai swelling of the embryos and thus keeps their water con¬ 
tent below the minimum required for the inception of germination at 
relatively low and constant temperatures. Removal of the distal ends, ex¬ 
posing the caryopses to increased imbibition, induces enzymic activity in 
the scutelliim followed by germination, reversing the order which char¬ 
acterizes normal germination. It is possible that inhibitory substances are 
held 'within the coats and that these maintain the embryo in a dormant 
condition. The effective forcing agents may oxidize or precipitate these 
substances, or they may modify the permeability of the coat structures 
so they can diffuse. Breaking the coat structures would also lead to the 
exit of such materials. 

{17) Chemical treatments which increase the germination of Johnson 
grass and the wounding of the embryo may involve both a reduced re¬ 
sistance of the embryo coverings to imbibition and a direct stimulus to 
the embryo protoplasm. 
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PROBABLE CAUSE OF THE TOXICITY OF THE SO-CALLED 
POISONOUS GREENSAND 1 

By J. W. Kelly 

Chemical Laboraicrian, Office of Drug , Poisonous, and Oil Plant Investigations, Bureau 
of Plant Industry , United States Department of Agriculture 

PURPOSE OP THE INVESTIGATION 

In an article by True and Geise 2 the authors mention a poisonous 
variety of greensand located at Courtland, Va. It was found that when 
greensand from this deposit was applied to plants, even in small quan¬ 
tities, the plants were unfavorably affected, while greensand from other 
deposits was beneficial. 

Since the valuable potassium content of this so-called poisonous green¬ 
sand is as high and as easily available as that found in the other deposits, 
it was thought advisable to make a more complete study of this variety 
with a view to discovering its poisonous constituents, and if possible to 
find some means of overcoming the unfavorable feature, thereby render¬ 
ing useful this and other deposits that might show similar properties, 

CHEMICAL ANALYSES OF TOXIC AND NONTOXIC GREENSAND 

For the purpose of comparing the toxic greensand with the nontoxic 
greensands, chemical analyses were made of deposits from Redbank, 
N. J., and Newcastle, Va., in addition to that from Courtland. The 
material used for these analyses was obtained from the same deposits 
as those studied by True and Geise, and the analyses were made with 
great care. The results are given in Table I. 

Table I. —Analyses of greensand from New Jersey and Virginia 


Constituents. 

Courtland, Va. 

Newcastle. 

Va. 

Red Bank, 
N. J. 

Remarks. 

sio 2 . 

Per cent . 
60.14 

Per cent. 

39- 8 3 

Per cent. 
56.07 

Analysis made by using 20 per 

so 8 .. 

*53 

2.01 

Absent. 

cent hydrochloric acid and 

CaO. 

1.23 

IO.42 

4.62 

digesting. 

MgO... 

MtuO,. 

4.10 
.28 ! 

1-74 

1.02 

1.80 

Trace. 


PjO,. : 

Fe 2 O s .: 

Trace. 

13.60 

-54 
14. oS 

•95 

12.00 


FeO. 

7 - 5 ^ 

4.89 

8.28 


al,o 3 . 

8.06 

10.04 

7.02 


Cr, 0 3 . 

Strong trace. 

Absent. 

Absent. 


NiO. 

.do. 

...do. 

...do. 


Free sulphur.. 

Present in 

...do. 

...do. 

Free sulphur removed by suc¬ 

k 2 o .. 

a p p r e c i- 
able quan¬ 
tity. 

4.76 

2.10 

7-63 

cessive extraction with ether 
and recrystallization. 

Na 2 0.. 

■71 

•49 

•47 



1 Accepted for publication July 2,1921. 

2 True, Rodney H,, and Geise. Fred W. experiments on the value of greensand as .a source, 
OF potassium for plant CULTURE. In Jour. Agr. Research, v. is, no. 9 , P- 483-492. Pf» 33 ~ 34 * *9x8. "" ' : 
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An examination of Table I shows that the only elements found in 
the Courtland greensand which were not present in the other two were 
chromium, nickel, - and sulphur, and it might therefore be concluded that 
these were responsible for the toxic action. Such, however, does not 
appear to be the case, since an analysis of i,ooo gm. of the Courtland 
greensand showed only 0.63 gm. chromium oxid, 0.2504 gm. nickel oxid, 
and 1.6 gm. free sulphur. It must be stated, however, that with the 
large percentage of iron and aluminum present it was difficult to esti¬ 
mate the small quantity of chromium and nickel, and a close approxi¬ 
mation is all that is claimed for the figures here given. The part that free 
sulphur may play seems doubtful. Plants treated with a quantity of 
sulphur corresponding to that found in the toxic greensand, when mixed 
with the nontoxic greensands, failed to show any ill effects, yet it is 
possible that sulphur in intimate contact with some of the other elements 
concerned may be harmful. The Courtland greensand, however, was 
still toxic to plants after the free sulphur had been removed. 

The ferrous and ferric salt content differed but slightly in the three 
deposits, while the manganese content was much higher in the nontoxic 
Newcastle greensand than in the other two, and the calcium salt much 
less in the Courtland variety than in either of the others. 

EFFECT OF WATER-SOLUBLE SALTS OF GREENSAND ON GROWTH 

OF PLANTS 

To determine which compounds were water-soluble, and thus available 
to plants, portions of each variety of greensand were suspended in distilled 
water, constantly stirred for 12 hours by a mechanical stirrer, and the 
solutions were filtered, concentrated, and analyzed. The results are 
given in Table II. 


TabliS II .—Analyses of washings of greensand from New Jersey and Virginia 


Constituents. 

Courtland, Va. 

Newcastle, Va. 

Red Bank, N. J. 

SiO s ... 

Per cent. 

■ 60. 17 

2 . IQ 

1. 52 

2. 36 

I. l8 

Percent. 

3 2 - 83 

2 . OI 

Per cent. 

A A, 07 

so,!... 

1 CdO 

CaO...... 

l8. 42 

I. 74 

I, 02 

7 . 70 

MgO..... 

/* / w 
I.90 
' . <2 

MruOg... 


Trace. 

. . • 0** 

. OA 

Na a O... 

1.05 
2. 01 

* OT 

. do 

* y*r 
. AQ 

K 2 0...... 

* *ry 

I. IO 

0 . 07 

• 

I. 27 

17 . 01 

Organic or volatile substances... .... 






Plants grown- in these washings were healthy and vigorous for three 
weeks,'after which it was observed that those in the Courtland washings 
began to lag behind, and in another week they were dead. It will be 
observed (Table II) that the -washings from the Courtland greensand 
showed a greater solubility of manganese than the washings from either 
of the others* although the manganese content as shown in Table I was 
greatest in the Newcastle greensand. Table II shows also that the cal¬ 
cium is much .less in the washings from the Courtland greensand than 
from either of the others. 

From these data it was thought that the toxicity of the Courtland 
greensand might be due to manganese, iron, or aluminum in the absence 
of lime. 
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Since greensand is a mixture of glauconite, shell marl, and other adher¬ 
ing elements, it was desirable to determine the percentage of glauconite 
in each of the three deposits and test its action upon the growth of plants. 
The separations were made by washing off the, light materials in the 
greensand. From the residue containing glauconite and other heavy 
materials the glauconite was separated in a relatively pure state by 
means of a magnet. 3 The washings were evaporated to dryness on the 
steam bath and dried to constant weight in an oven. The results are 
given in Table III. 


Table III.— Mechanical analyses of greensand from New Jersey and Virginia 


Source. 

Weight of 

1 greensand 
j airdried. 

1 

i 

Glauconite. j 

Residue. 

Courtland, Va.....! 

Gm. 

62.3350 

36.8440 

41.8820 

Gm. \ 

40.3420 j 
5.4028 
6.4290 j 

Per cent 

64.72 
14.6 
t I 5 *° 

Per cent. 
35-28 
85.40 
85.00 

Newcastle, Va. 

Redbank, N. J. 



From Table III it will be observed that the Courtland greensand con¬ 
tained much the highest percentage of glauconite. 

The chemical composition of the samples of glauconite thus obtained 
and of the untreated toxic greensand is shown in Table IV. 


Table IV .—Comparative analyses of glauconite and toxic greensand 




Glauconite. 


Toxic green¬ 
sand. 

Constituents. 

Courtland, Va. 

Newcastle, Va. 

Red Bank, 

N. J. 

.*. 

Per cent. 

1 SI- 52 

Per cent . 
49.46 

Per cent. 

48. 26 

Per cent , 

60. 14 

SO3....... 

.04 

. 02 

. 02 

-53 

CaO. 

.72 

.24 

2. 49 

1. 23 

MgO... 

2 . OO 

4. TO 

I. 80 

4.10 

MiijjOg.... 

• 55 

.64 

• *5 

. 28 

P*O s . 

Trace. 

* 5 ^ 

1. 64 

Trace. 

Fe 2 0 3 . 

25-37 

24.65 

24. 95 | 

2a 19 

A 1 2 0 3 ... 

3-95 

6.08 

7. 02 

8. ©6 

Cr 2 O a .... 

NiO... 

Absent. 

Absent. 

Absent. 

Trace. 

.do. 

.do.i 

.... .do__ 

Do. 

Free sulphur.. 

.....do. 

.do. 1 

_do. 

Do. 

& 2 0. 

6. 29 

7.10 

7. 08 

4.76 

Na, 0 ... 

•63 

• 5 ** 

•47 

.71 


Solutions were made from the various samples of glauconite by digest¬ 
ing with 20 per cent hydrochloric acid until digestion was complete, 
evaporating to dryness, heating to dull red heat, and dissolving the resi¬ 
due in dilute hydrochloric acid. These were made up to 500-cc. volume 
each. 

Fifty cc. of each of these solutions were made neutral with ammonia 
and placed in a 250-cc. Erlenmeyer flask with sufficient distilled water 

® Ashley, George. H. notes on the greensand depots of the eastern united STATES. In U. S, 
Geol, Survey Bui, 660, p. 27-49. fig. 1, pL 2. 191& 
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to make 250 cc. Paraffined corks, through which a small hole had been 
bored, were placed in the necks of the flasks. Corn seedlings were 
placed on the corks so that the roots passing through the holes were well 
covered with the liquid. At the end of 24 hours the seedlings in all the 
cultures were dead. The experiment was repeated three times with the 
same result, showing that the glauconite from each of these deposits was 
toxic. 

In order to test the effect of the manganese, iron, and aluminum upon 
the growth of plants a series of experiments was conducted with corn 
seedlings in the following manner: A solution was made by extracting 
3,000 gm. of the Courtland greensand by percolation for 72 hours with 
3,000 cc. of 1 per cent hydrochloric acid. The percolate was evaporated 
to dryness and heated to dull red heat. The residue was dissolved in 
dilute hydrochloric acid and made up to 500 cc. 

Prom 50 cc. of this solution manganese, iron, and aluminum were 
separated. The manganese was then separated from the iron and alum¬ 
inum and added to the original filtrate. Similar solutions were prepared 
with iron and aluminum. The filtrate was then evaporated to dryness 
and the residue heated to dull red heat and dissolved in acidulated dis¬ 
tilled water. The solution was made nearly neutral with a small quan¬ 
tity of ammonia and diluted to a volume of 250 cc. with distilled water. 

From another 50 cc. of the solution, made up to 100 cc. with distilled 
water, the manganese, iron, and aluminum were all removed by pre¬ 
cipitation with ammonia. The precipitate was discarded. The filtrate 
was evaporated to dryness and heated to a dull red heat until all the 
ammonium salts had been removed. The residue was then dissolved in 
distilled water acidulated with hydrochloric acid, neutralized with am¬ 
monia, and made up to 250 cc. with distilled water. 

The effect of these solutions upon the growth of com seedlings was 
tested in cultures in the manner described above. The results are 
given in Table V. 


Tabu& V. — Comparative action on corn seedlings of various solutions prepared from 

Courtland greensand 


Manganese in solution 
(iron and aluminum 
removed) . 

Iron in solution (man¬ 
ganese and aluminum 
removed). 

Aluminum in solution 
(iron and manganese 
removed.) 

Plant killed ...... 

Plant killed. 

PI an f killed. ..... 

New plant started. 
Plant killed...... 

New plant started. 
Plant killed. 

New plant started. 
Plnrjt killed....... 

New plant started. 

Plant killed. 

New plant started. 

; Plant killed....... 

New plant started. 
Plant killed....... 

New plant started. 
.Plant killed............ 

New plant started. 
Plant-killed... 

New plant started. 
Plant killed. 













Soluble salts in 
solution (iron, man¬ 
ganese, and alurni* 
num removed.) 


Plant growing. 
Bo. 

Bo. 

Bo. 

Bo. 

Bo. 

Bo. 

Bo. 

Bo. 

Bo. 


From Table V it will be observed that none of the seedlings survived 
in the solutions containing either the manganese, iron, or aluminum, 
while in the solution from whi^h these had been removed they were 
still growing after io days. 
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EFFECT OF LIME ON ACTION OF TOXIC GREENSAND 

In order to test also the effect of the toxic greensand upon the growth 
of plants when used in connection with an acid or an alkaline medium, 
the solutions described below were prepared. 

A 3,000-gm. portion of Courtland greensand was extracted for 72 
hours by percolation with 3,000 cc. of distilled water saturated with 
carbon dioxid. The percolate was evaporated to dryness, heated to a 
dull red heat, dissoved with very dilute hydrochloric acid, and made up 
to a volume of 500 cc. Of this solution 50 cc. were then made up to a 
volume of 250 cc. with distilled water. In this solution com seedlings 
were grown in the manner already described. 

Another 3,000-gm. portion of the same variety of greensand was 
extracted for 72 hours by percolation with 3,000 cc. of lime water. The 
filtrate was evaporated to dryness, heated to dull red heat, and dissolved 
in dilute hydrochloric acid. The solution was neutralized with a little 
ammonia and made up to a volume of 500 cc. Of this solution 50 cc. 
were then made up to 250-cc. volume with distilled water, and com seed¬ 
lings were placed in the solution as before. 

The effect of these solutions upon the corn seedlings is shown in 
Table VI. 


Table VI .—Comparative action of solutions containing salts extracted with various 

solvents 


Num¬ 
ber of 
■« days. 

Solution containing salts extracted with carbon dioxid. 

Solution containing salts 
extracted with .lime 
water. 

I 

Plant killed... 

Plant growing. 

Do, 

2 

New plant started. ...... 


Plant killed. ........ 

Do. 

0 

4 

New plant started..... 

Do, 

G 

Plant killed..... j 

Do. 

3 

6 

New plant started ...' 

Do. 

7 

Plant killed..I 

Do. 

8 


Do. 

0 


Do. 

y 

IO 

1 . 

Do. 



From Table VI it will be seen that the carbon-dioxid solution was 
toxic to the seedlings, whereas the plants in the alkaline solution were 
still growing after 10 days. 

The results of analyses of the two percolates are given in Table VII. 


Table VII .—Analyses of acid and alkaline percolates 


Constituents. 

Carbon-dioxid \ 
extraction, j 

: Lime-water 
'■ extraction* 

so 3 ... 

Per cent. 

16. 13 

7. 20 
3.' 08 

Per cent. 

5, 90 
32. 00 
. l6. 20 

CaG..... 

MgO........ 

Mn 2 0 3 ....... 

' I. l6 

■■.So 

P-Oc.. 

Trace. 

Trace. 

FeoG,. .. 

3. 00 

Absent. 

AljOj.. ..9............ 

Absent. : 

Do 

K 2 0. ... . 

■. 4.- 36 

7. 60 
28.19 

Na 2 0 .... 

10. 86 
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From these analyses of the solutions it will be observed that the lime- 
water extraction contained no iron or aluminum and only a very small 
quantity of manganese, while the potash was much higher in the lime- 
water extraction than in the carbon-dioxid solution. It can therefore 
be assumed that the carbon dioxid of the soil water, in connection with 
the acid secretion of the roots, would be amply sufficient to bring the 
toxic elements into solution and that a sufficient quantity of lime would 
inhibit this action. 

Pot cultures were also made to test the effect of the toxic greensand, 
the soluble salts, the glauconite, and the greensand when used with the 
addition of lime. The accompanying illustrations show very strikingly 
the effect in each case. 

Plate i, A, shows corn seedlings 6 w r eeks old grown in quartz sand to 
which had been added glauconite from the Courtland greensand at the 
rate of io tons per acre, and Plate i, B, shows the effect of the greensand 
with most of the glauconite removed. 

Plate 2, A, shows the effect of the alkaline medium, principally salts of 
calcium, sodium, and potassium, from the washings of the Courtland 
greensand, at the rate of 3 tons per acre, and Plate 2, B, the effect of the 
heavy metals, principally magnesium, iron, aluminum, and manganese, 
obtained from the Courtland greensand by extracting with water made 
slightly acid with hydrochloric acid, but free from lime, applied at the 
rate of 2 tons per acre. To this there was also added a liberal applica¬ 
tion of Shive’s nutrient solution. 4 

Plate 3 shows the effect of the toxic greensand when used alone and 
in combination with lime carbonate at the rate of 4 tons per acre. 

A comparison of Plate 1, A, with Plate 2, B, and Plate 3, A, shows 
that the glauconite, heavy metals, and toxic greensand had practically 
the same toxic effect, while Plate 2, A, and Plate 3, B, show the very 
favorable effect of the addition of lime. It seems probable, therefore, 
that the toxic properties of this poisonous greensand may be overcome 
by using liberal applications of lime, thereby keeping out of solution 
the three poisonous elements, iron, aluminum, and manganese in toxic 
concentrations and rendering useful the potash which is readily available 
and which is greatly needed in many localities. 

SUMMARY 

The glauconite element from each of the three deposits of greensand 
studies was found to be toxic to com seedlings. 

The toxicity is due to the presence of iron, aluminum, and manganese 
in forms readily soluble in weakly acid media. 

The presence of lime prevents the toxic elements from going into 
solution. .Therefore, deposits of greensand like those at Newcastle, Va., 
and at Redbank, N. J., which naturally contain lime in the form of shell 
marl in sufficient quantity to prevent the solution of the toxic elements 
are not poisonous to plants. Likewise the addition of lime to the toxic 
■Courtland greensand inhibits its toxic effects. 


4 Shite, John W«, a three-salt nutrient solution toe plants. In Axner, Jour. BoC, v. 2, no, 4, p. 




PLATE i 

A. —Com seedlings 6 weeks old grown in quartz sand mixed with glauconite from 
Courtland greensand at the rate of 10 tons per acre. 

B. —Com seedlings 6 weeks old grown in quartz sand mixed with Courtland green¬ 
sand from which most of the glauconite had been removed, at the rate of 10 tons per 
acre. 
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PLATE 2 

A. —Com seedlings 6 weeks old grown in quartz sand mixed at the rate of 3 tons 
per acre with alkaline salts from washings of the Courtland greensand. 

B. —Com seedlings 6 weeks old grown in quartz sand mixed with the heavy metals, 
obtained from the Courtland greensand, but free from lime* at the .rate of 9 tons per 
acre. 




PLATE 3 

A. —Com seedlings 6 weeks old grown in Courtland greensand. > „ 

B. —Cbm seedlings 6 weeks old grown in Courtland greensand to whichJi&dJieen 
added lime carbonate at tlie rate of 4 tons per acre. 
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TWO IMPORTANT NEW TYPES OF CITROUS HYBRIDS 
FOR THE HOME GARDEN—CITRANGEQUATS AND 
EIMEQUATS 1 

By Walter T. Swingle, Physiologist in Charge , and T. Ralph Robinson, Oc>/> 
Physiologist , 0/ Cwjb Physiology and Breeding Investigations , Bureau of Plant 

Industry, United States Department of Agriculture 

The breeding of cold-resistant citrous fruits suitable for culture in 
the southern part of the cotton belt has been in progress for many years. 
The citrange, a cross of the hardy Chinese trifoliate orange, Poncirus 
irifoliata (L.) Raf. and the common sweet orange, Citrus sinensis , Osb. 
was the first of the hardy hybrids secured. The citrange was first 
reported bn by the senior author and Dr. H. J. Webber 2 in the Yearbook 
of the Department of Agriculture for 1904, where the Rusk and Willits 
citranges, two that appear below as parents of new hybrids, were de¬ 
scribed and illustrated. It soon became evident that although the cit¬ 
range is much like the trifoliate orange in its resistance to extreme cold 
when it is in a dormant condition, it is easily forced into a new growth 
in spring and sometimes is severely injured, by untimely Cold snaps. 
In consequence of this imperfect resistance of the citrange to spring 
and early autumn frosts, about ,15 years ago the effort was first made to 
create new types of hybrids which would partake in some measure of 
another type of hardiness possessed very strikingly by the kumquat 
oranges. The kumquat is one of the hardiest of the evergreen citrous 
fruit trees; besides having a fair degree of resistance to cold it has an 
extremely high degree of winter dormancy. Both of the species of 
kumquat commonly grown in this country, the round and the oval kum- 
quats, are able to pass unaffected through spells of hot weather which 
force other citrous into a tender and succulent growth that is liable to be 
injured by a slight frost. 

The first successful hybrids wherein the kumquat was used with the 
idea of securing increased dormancy were made by the senior author in 
the spring of 1909. Four principal types of these kumquat hybrids 
were made: First, those between the trifoliate orange and the kumquat. 
These proved extraordinarily hard to make, and most of them were very 
weak, many of them dying while still small seedlings. None of these 
have proved as yet to be of any considerable value. Second* hybrids 
were made in considerable number between the more promising citranges, 
especially the Rusk and Willits, already widely cultivated in the cotton 
belt, and 'the kumquats. The hybrids resulting from these crosses are 
known as citrangequats, and are described in the present paper. Third, 
the effort was made to hybridize the kumquat with the West India linte fi , 

1 Accepted! Oct. wyaxl t- 

* Webber, Herbert and Swingle, Walter. T. new cithes creations of the department of 
agsictjltvrE. In U. S. Dept Agr. Yearbook, 1904, p. 227-235, fig, 13, pi. 11-14,16. 1905- 

Jotimal of .AgriculttiraliRe^aarfaif Vol XXUX, No. 4 

Washington, D. C, Ian. 27, X 9»3 

act ■ , , • Ke? No. G-272 

(229) 


22330—23-1 




230 


Journal of Agricultural Research 


Vol. XXIII, No. 4 


the lime being the tenderest citrous fruit grown in the United States* 
often being injured by cold even in central or south Florida. The 
hybrids resulting from, this cross have been called limequats, and are also 
described here. Fourth, the attempt was made to hybridize the kumquat 
with the lemon, the lemon being almost as tender as the West India 
lime. None of these hybrids have been sufficiently well studied to war¬ 
rant reporting on them as yet. So far as observed they have fruits very 
similar to the limequats described below except that the peel is much 
thicker. 

THOMASVII/IvE CITRANGEQUAT 

Among the citrous crosses made at Bustis, Fla., in June, 1909, by the 
senior author, was one in which pollen of the Willits citrange was used to* 
fertilize flowers of the oval kumquat (Fortunella Margarita ) (Lour.) 
Swing. 

Budded plants of the best of the hybrids resulting from this cross were 
sent to a number of cooperators in the southeastern States as soon as it 
was possible to effect propagation. The first plant to bear fruit was 
numbered C.P.B. 48 oio. s Fruits were received at Washington, D. C., 
in November, 1915, produced by a plant of this number that had been 
sent to Mr. P. J. Hjort at Thomasville, Ga., in March, 1913. As this, 
hybrid was first fruited at Thomasville, where it was proved sufficiently 
desirable as a fruit for home use to induce Mr. Hjort to propagate it in 
Ms nursery, it is proposed to call it the Thomasville citrangequat. 

The Willits citrange, the pollen parent, is itself a Hybrid resulting from 
crossing the sweet orange (Citrus sinensis , Osb.) with the trifoliate orange 
(Poncirus trifoliata (L.) Raf.), the former supplying the pollen which was 
used on the pistils of the trifoliate orange. 

While this citrange is of fairly good quality and makes an excellent ade, 
the oil of the peel is very bitter and ill-smelling, and a single drop is 
enough to ruin a pitcher of ade. It was hoped by hybridizing the Willits 
citrange with the oval kumquat to overcome this drawback of the citrange 
since the peel of the kumquat is so mild as to be edible, and at the same 
time the juice of the kumquat is pleasantly acid, so that a hybrid between 
it and the citrange would be expected to be suitable for making ade*. 
These expectations were fully justified, as is shown below. 

As was noted in the introductory paragraph of this paper, another 
quality that it was hoped to secure in this hybrid was an increased winter 
dormancy over that shown by the citrange. The kumquat possesses 
winter dormancy of a very high degree and is able to go through long 
spells of warm weather without starting new growth. The new growth 
of practically all citrous fruits is, of course, easily injured by even 
moderate frosts. Although the Willits, like other hybrids of the trifoliate 
orange, is extremely hardy when in a dormant condition, it is not able to 
stand long periods of warm w r eather in winter without starting new 
growth. The new citrange-kumquat hybrid, as was hoped, is superior to 
the Willits in all-around hardiness and shows a distinctly higher winter 
dormancy. Being the result of crossing a citrange with a kumquat, the 
new hybrid was called a citrangequat. 

The citrangequat seedlings showed from the start, phenomenal vigor 
and in fact made the most rapid and continuous growth of all the nu* 

1 The abbreviation C.P.B. is used for the name of the Office of Crop Physiology and Breeding Investiga*- 
tions ol the Bureau of Plant Industry, United States Department of Agriculture. All the numbers cited in 
this paper am of this series. 
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merous rapid-growing hybrids under propagation in the department 
greenhouses during the winter of 1909-10. 

Plate r shows the vigorous growth manifested by a few of these citran- 
gequats less than one year from the time of planting the seeds, the plants 
being, from left to right, 57X, 61, 49, and 52 inches high, while an oval 
kumquat of the same age (on the extreme right) was only 24 )4 inches 
high, only half the height of the smallest of the four citrangequats. 

The Thomasville citrangequat is a hybrid of the oval Kumquat, 
Fortunella margarita (Lour.) Swing, and the Willits citrange, the last 
named being the pollen parent. The Thomasville and other citrange¬ 
quats are what is known as trigeneric hybrids—that is, they were secured 
by hybridizing plants belonging to three distinct genera, Citrus, Poncirus, 
and Fortunella, as lias already been noted. In this case the citrangequat 
is in effect a second-generation citrange—that is, a cross of the ordinary 
orange and the trifoliate orange, and a first generation cross of the oval 
kumquat. It is, therefore, one-half kumquat and approximately one- 
fourth each of common orange and trifoliate orange. 

It is an interesting fact that, although the kumquat is a dwarf plant, 
nevertheless hybrids between it and the citrange have shown distinctly 
more vigor than similar hybrids between citranges and grapefruit, despite 
the fact that the grapefruit is a very much larger plant than the kumquat. 4 
The vigor of the Thomasville and some of the other citrangequats is so 
great that their growth often exceeds the combined growth of the three 
parent species. 

GENERAL FRUIT AND TREE CHARACTERISTICS OF THE 
THOMASVILLE CITRANGEQUAT 

It was evident from an examination of the first fruits borne that a new 
type of citrous fruit had been created,* having much of the pomological 
character of the lime, despite the absence of any lime blood. The fruits 
average much larger than the kumquat and are usually as large as the 
lime, which they resemble more closely than any other citrous fruit. 
Plate 2, A, B will give a good idea of the shape and size of the fruit and 
the manner of its attachment to the twigs. The pronounced “ goose¬ 
neck” fruit spurs and clawlike calyx: points are unique characters 
which make the fruit easy to identify. 

The fruits are of attractive appearance, being a glossy dark green 
when immature, changing to a light yellow, and finally to an orange 
yellow when fully mature. They develop an abundant juice content 
when only half grown, a point of importance in their practical utilization. 
Though rather late in blooming, fruits develop very rapidly, in this re¬ 
spect resembling those of another hybrid, the Eustis limequat, also de~ 
'scribed in this paper. Although usually not mature until October or 
November, the fruits, can be used for ade from July on through the 
summer and early autumn, when acid fruits are especially appreciated. 
When fully mature, they lose much of their acidity, and are sufficiently 
sweet to eat out of hand. By reason of its hardiness and pleasantly add 
juice this new fruit makes available for home fruit gardens an ade fruit 
in regions much too cold for growing either lemons or limes. It has 
stood temperatures as low as 12 0 F. without injury and probably will 


* This curious fact, is perhaps explained by the fact that $be fcumqtmt is botanically very remote from the 
two parent species that enter into the estrange, whereas- the grapefruit kclso^y' related to «eof 'the paresis.' 
of the citrange—the common orange. 
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survive even lower temperatures. The evergreen nature of the tree 
also recommends it for home gardens or lawn planting. Judicious 
pruning or pinching back of long shoots will assist in giving the tree a 
fairly compact habit in place of its natural upright form. 

The Thomasville citrangequat makes an excellent marmalade without 
the admixture of any other citrous fruits. The mildly pungent peel and 
the pleasantly flavored acid juice combine to give the marmalade an 
unusually good flavor, rivaling the best Dundee marmalade. 

RESISTANCE TO DISEASE 

The advent of Citrus-canker in the Gulf Coast States made it necessary 
to test any new Citrus varieties, and hybrids with reference to their sus¬ 
ceptibility to that disease before they could be recommended for culture. 

As is well known, the kumquat is the most canker-resistant of all 
citrous fruits, its resistance amounting to practical immunity under 
field conditions. In this new hybrid, the Thomasville citrangequat, the 
kumquat parent has seemingly transmitted its remarkable canker resis¬ 
tance unimpaired, notwithstanding the fact that one parent of the 
citrangequat, the citrange, is decidedly susceptible to canker. 

Several plants of the Thomasville citrangequat have been inoculated 
and continuously exposed to Citrus-canker for a period of four years 
without any canker having been developed except from needle punctures, 
from which canker failed to spread . 5 

It is highly important that only canker-resistant citrous fruits be propa¬ 
gated in the Gulf Coast States west of Florida, as a measure of insurance 
against a serious reinfection. From this viewpoint, the citrangequat 
becomes of great importance to this region, to meet the need for home¬ 
grown acid citrous fruits. 

While somewhat affected by Citrus scab, the quality of the fruit is not 
greatly impaired thereby, and if planted away from scab-susceptible 
varieties it is probable that scab would not be at all serious on the citrange- 
quat* 

POSSIBLE USE OF CXTRANGEQUATS AS A STOCK FOR SATSUM A ORANGES 

The extraordinary vigor of growth, great hardiness, and extreme 
canker resistance shown by this hybrid suggested at once its possible 
value as a stock, especially for use in the Gulf Coast States west of Florida. 
In this region almost the only stock used for Satsuma and other Citrus 
varieties is the trifoliate orange, a very hardy, deciduous tree, closely 
related to the true species of Citrus. It is extremely thorny and is used 
extensively .as a hedge plant, the fruits from these hedges providing an 
abundance of seeds to use in growing nursery stock. Unfortunately, the 
trifoliate orange is very susceptible to Citrus-canker. One necessary step 
in the eradication of canker is the complete elimination of these trifoliate 
orange hedges. The presence of large numbers of trifoliate seedlings in 
Citrus nurseries is also a menace in the event of a reappearance of Citrus- 
canker. 

When .considering the possible use of the citrangequat as a stock, the 
small number of seeds produced seemed an almost unsurmountable 


* Pettier. George L. susceptibility and resistance to citrus-canker op the wild relatives# 
citRUSRRUirs, AND HYBRIDS op the GENUS cnj^us. In Jour. Agr. Research, y. 14, no.. 9, p. 350. 1918. 
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barrierj despite its promising features of canker-resistance and extreme 
vigor. 6 The recent discovery, however, that cuttings of the citrangequat 
may be rooted readily by the use of new methods, has been so encouraging 
that extended trials of this plant as a stock are now under way. By the 
use of rooted cuttings, practically a full year's time may be saved in 
growing stocks to budding size, an advantage certainly sufficient to 
offset any additional trouble and expense for greenhouse equipment 
A combination of bottom heat, about 90° F, with humidity maintained 
at a high point, 8o° to 90°, and with air temperature lower than that of 
the soil, 70° to 8o°, is essential to the best results. 7 With good control 
of all these factors, small twig cuttings with leaves attached may be rooted 
within a few weeks—in less time, in fact, than it usually takes for seed 
to germinate. 

^ Plate 3 shows two of these cuttings and the original seedling plants be¬ 
side them, with the stubs visible where the cuttings were removed. 
These cuttings were photographed only 4.% months from the time they 
were placed in the rooting bed and are fine specimens of a large lot rooted 
in February, 1921. The seedlings were 18 months old. An interesting 
point in this connection is the fact that while the citrangequat roots so 
freely the three parent species utilized in creating the hybrid (the sweet 
orange, trifoliate orange, and kumquat) commonly fail to root under the 
same conditions. 

By the use of rooted cuttings, certain advantages are secured well 
worth consideration. First, the time saved has already been mentioned; 
second, through vegetative propagation uniformity of vigor is secured 
which is highly desirable and cannot ordinarily be expected through 
the use of seedlings; and, third, It has often been noted In the propagation 
of cross-bred plants that there is a vigor of growth in the first generation 
seedlings not so apparent in succeeding generations of self-pollinated 
plants. This vigor can be utilized to best advantage by the rooting of 
cuttings from especially vigorous individuals. 

Buds of Satsuma and other citrous fruits grow readily on citrangequat 
stocks, but tests under field conditions will be necessary before definite 
conclusions can be drawn. While such tests have been under way now 
for several years, more time will be necessary in order to secure trust¬ 
worthy conclusions as to the effect of the stock on the quality, size, 
and season of fruit crops, as well as hardiness and other factors of practical 
importance. 

Regardless of the possible utilization of the Thomasville citrangequat 
as a stock, its obvious value as a hardy, canker-resistant fruit tree for 
home use makes it desirable to give it a distinctive name and publish 
a detailed description. 

' 'Tfrfe character of this hybrid as regards seed content seems to be dependent largely on the possibility of 
itS;'*«cd^iig : ; pdi£sn from other seedy varieties of Citrus. In many places where .grown bydtselficr'^loog-- 
with seedless varieties (such as Satsuma, having little or no viable pollen) the fruit is practically seedless,' 
while in other plantings where mixed with seedy varieties, seeds are usually. : fotmd : averaging six, or eight" 
..to^thelrhsh 

..The' Tlmmisville citrimgeqidftfe, like many other hybrids between widely differing species of the Citrus 
group, reproduces itself undianged from seed. This means that it is in reality a sterile hybrid -and: the 
".embryo found in the seed is developed from the tissues of the mother plant and of course .shows no effect of 
the pollen' u$ed: ; ii* itowcx*. 

f The method used was developed in, January and February, 1921,.by Mr. .EugeneMay,, jr., plant propa¬ 
gator of the Office of Crop Physiology and Breeding Investigations, and is: an adaptation of 
methods devised by Mr. Inward Gaucher, of the Office of Foreign Seed and Plant Introdnttl«» .Bureasi 
of Plant Industry, United States Department of Agriculture, for the rooting of .small twig cuttings of the 
Uychee. (Gguciisr, Edward, rooting i/ychbs cuttings by mbans or a high tbmpbraturb an®'SHG fit" 
humidity process. ' 1 #' Grubb, ' George Wetdman. this lyches and dungan. Appendix S, ' p.' 

New York, London, and Canton, China, 1921). m 
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TECHNICAL DESCRIPTION OP THE THOMASVILLE CITRANGEQUAT 

Fruit oval or nearly spherical, mature fruits having a long diameter of to 2 inches, 
diameter in cross section i }4 to 1% inches, calyx strongly persistent with usually 5 
long, clawlike points; fruit spur long, swollen, and characteristically bent downward 
apparently by the weight of the fruit, color of mature fruit yellow to orange yellow, 8 
rmd thin inch) somewhat roughened or “pebbly,” oil cells small, depressed, seg¬ 
ments, usually 7 or 8, thin-walled; core, little or none; seeds varying from none to 
12, usually not more than 6, small and plump; pulp light greenish to amber color, 
juicy, pleasantly acid when immature, becoming sweetish when fully mature; tree 
evergreen, vigorous, of upright habit; thorns rather numerous on old wood but much 
reduced and inconspicuous on bearing twigs; leaves uni-, bi-, and trifoliate (on 
young plants chiefly trifoliate, on bearing wood chiefly unifoliate) long pointed oval 
or lanceolate, 2 to 3 inches in length, rather thick and stiff, slightly folded on the 
midrib, dark green, with finely incised margins; petioles, very narrow-winged; flowers 
small, pure white, 5~petaled, bloom appearing rather late though not as late as the 
kumquat, fruits ripening from October to December, but juicy and serviceable as 
ade fruits from July to October. 

OTHER CITRANGEQUATS 

During the spring and early summer of 1909, the senior author made 
many cross pollinations between citranges and kumquats. From these 
numerous crosses, 67 citrangequats were secured. These citrangequats 
axe mostly hybrids of the oval kumquat with the citrange, the latter 
being the pollen parent. Five different citranges were used as pollen 
parents, but most of the citrangequats (49 in all) have Rusk citrange 
as the mother parent; the next largest group (11 in all) are hybrids 
between the Willits citrange and the oval kumquat. Three of the 
citrangequats are hybrids of the round kumquat pollinated by the Rusk 
citrange. 

Not all of the citrangequats have been as yet carefully studied, but a 
number of them are of interest and several of the most promising are 
noted below. 

A second citrangequat (C. P. B. No. 48011) was grown from the same 
crossed fruit that yielded the Thomasville. It differs from that variety 
in having large fruits more nearly spherical in shape and borne on upright 
fruit stalks instead of on curiously elongated “goose-neck” fruit stalks. 
This citrangequat, like the Thomasville, loses much of its acidity as the 
fruit matures and like it has a mild-flavored peel and usually few seeds. 
When fully ripe this citrangequat is sweeter than the Thomasville and 
can be eaten from the hand by those who like rather sour citrous fruits. • 

Another citrangequat resulting from the same cross of oval kumquat 
and Willits citrange is C. P. B. No. 48005. The pollen parent was the 
same as that of the Thomasville but the seed parent was a different 
tree growing in the same dooryard at Eustis, Fla. This citrangequat 
has attracted attention by fruiting freely in the garden of Mr. George 
H. Hams, a cooperator living at McRae, Telfair County, Ga., far to 
the north of the limit of ordinary 7 ' citrous fruit culture. 

It differs decidedly from the Thomasville in remaining intensely acid 
even when fully mature. The fruits are nearly spherical and are borne 
on erect fruit stalks. As this citrangequat has fruited successfully as 
fax north as the latitude of Savannah, 32 0 , it seems advisable to give it a 

Sr 'Rii»w&% Robert. CQ&oift staMiMUKDS and color pi. Ill, 15. Washington, D. C.„ 
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name, and it is accordingly proposed to call it the Telfair citrangequat 
<PL 2, C),° 

Another citrangequat of the same parentage is C. P. B. No. 48007, 
which was conspicuous for its extreme vigor when young. (PI. 1.) The 
fruif, like that of the Thomasville, acquires something of an orange flavor 
as it ripens. It seems to be an early ripening variety. The peel is mild 
flavored, and the seeds are few. 

Still another citrangequat is C. P. B. No. 48050, a hybrid of the oval 
kumquat with the Rusk citrange. It attracted the attention of Mr. J. 
W. Benson, a cooperator living at Sinton, San Patricio County, Tex., 
near Corpus Christi, by its superior cold resistance and nearly seedless 
fruits. A tree that flowered in October, 1918, carried a crop through 
the winter unharmed. Samples received at Washington on April 23, 
1919, were very like a lime in appearance and flavor, but showed a small, 
fleshy calyx, somewhat like that of the Rusk citrange parent. Fruits 
of this number, received November 1, 1920, from Glen St. Mary, Fla,, 
were strikingly handsome, being bright orange or even flame scarlet in 
•color. They were from 1% to inches in diameter, nearly spherical, 
and had few or no seeds. These fruits were overripe, but the pulp was 
still acid, so this is doubtless an early maturing variety suitable only 
for ade. 

As this citrangequat has attracted attention, not only because of its 
nearly seedless lime-like fruits produced in Texas, but also because of 
the extraordinarily brilliant color of the fully ripe fruits in Florida, it 
seems best to give it a name. It is accordingly called the Sinton 
citrangequat. 10 

EUSTIS LIMEQUAT 

In 1909, the senior author originated a new type of citrous fruits by 
crossing the West Indian lime with the kumquat oranges. Those familiar 
with citrous fruits know that the lime is the tenderest of all the commonly 
grown species of this group. It frequently freezes to the ground even 
in southern Florida, so that its culture is chiefly confined to the fringe 
of keys along the coast. The kumquat, on the other hand, is one of the 
hardiest of the evergreen citrous fruit trees. This is without doubt not 
SO' much due to its direct powers of cold resistance as to its remarkable 
dormancy. The kumquat, as noted above, is able to pass unaffected 
through long spells of hot weather that force other Citrus trees into a 
tender and succulent growth that is liable to be injured by even a light 


» Technical description of the telfair citranceqvat: Fruit spherical (sometimes slightly flattened 
or elongated) mature fruits having a diameter of i# inches to iX inches; calyx persistent with 5 long points; 
color of mature fruit light orange yellow to deep chrome (Ridgway, Robert, op. err., pi. Ill, 17, b, d); rind 
thin, somewhat roughened; oil cells prominent, small, numerous; core little or none; segments 4 to 6 (usually 
5), seeds few, variable in size, usually undeveloped, pulp pale yellow; Pinard yellow, (Ridgway, Robert, 
op. err., pi. IV, 21, &), sharply add, and retaining this quality when mature; rind slightly bitter; tree ever¬ 
green, vigorous, of upright habit; leaves uni-, bi-, and trifoliate, generally obovate, iX to aXinches tofehgtts:,, 
finely serrated; plant fairly thorny, thorns smaller in size on the fruiting twigs; bloom often occurring .over 
a long period, giving a semieverbearing fruiting habit. 

16 Technical description of the sinton citrangequat: Fruits varying from slightly flattened fcosllgtitly 
elongated; growing in dusters; diameter varying from x% inches to iyi inches; calyx small, persisteat, 
slightly protruding, sunken pistil surrounded by a very small raised cirde; color variable, ranging from.,.a 
light orange-yellow .(Ridgway, Robert, op. err., pi. HI, 17, d), to a light flame scarlet (Ridgway* Robert,, of. 
cit., pi. II, 9); rind very thin, smooth, highly colored, inch in thickness and much like kumquat, .show¬ 
ing almost none of the 1 flavor of the trifoliate orange; oil cells few, variable in number; segments 7 to no- 
seed in 1.00 of fruits,' occasionally one or a few; pulp pale, varying from orange-buff . (Ridgway* Robert, op. 
■cit., pi. Ill, is, d), toa light cadmium (Ridgway, Robert, op. cit., pi. IV, 19); flavor sharply acid, deddediy 
lime-like with only faint suggestion of citrange flavor given by the oil from, the rind,. no dtrange, flavor in 
the juice; makes a good ade; core very small and segment walls very thin; tree much mere .hardy . than, the 
lime; bearing twigs spineless; leaves on bearing brandies unifoliate, rather thin,, a to 3 inches in length.' by, 
xH inches in width; ■ petiole X inch long, slightly winged; midrib heavy, prominent on upper' surface; leaves 
tapering slightly toward the apex. # 
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frost. Some measure of the dormancy of the kumquats is indicated by 
the fact that they flower from two to three months later than other 
citrous trees. 

This series of crosses between the lime and the kumquats was made at 
Eustis, Fla.,in June, 1909, in the Citrus grove of Mr. F. W. Savage. These 
crosses resulted in a number of hybrids varying in character, but all 
having fruits much like the lime in quality. Attention has been attracted 
to one of these hybrids (C. P. B. No. 48798) that fruited during the 
summer of 1918 in the greenhouse of the Department of Agriculture 
Jat Washington, D. C, It resulted from fertilizing the flowers of the 
[common or West Indian lime with pollen of the round kumquat 

The Eustis limequat fruit is of striking appearance, strongly resem¬ 
bling a West India lime in color, size, and texture. (PL 4.) The color is 
a light yellow, resembling the color of grapefruit. When cut, the fruit 
shows its lime-like character. It is very juicy, thin-skinned, has few 
seeds, and the flavor can hardly be distinguished even by an expert from 
the true lime. Moreover, the rind is edible, like that of the kumquat, 
so that the whole fruit may be utilized. It is particularly promising 
as a fruit for crystallizing. The spines on the bearing wood are 
very inconspicuous, a decided point in favor of this hybrid in contrast 
with the viciously spiny character of the common lime. Some of the 
other limequats exhibit rather long spines, even on the small twigs. 
Observations covering several seasons indicate that this limequat possesses 
much of the immunity to disease and insect pests enjoyed by the kum¬ 
quat. The kumquat is the most resistant to Citrus-canker of all citrous 
varieties, a resistance amounting to practical immunity, an advantage 
the limequat has in some degree. 

Specimens submitted to Citrus experts and growers have in every case 
elicited favorable opinions, it being held that the limequat’s place in 
citrous fruit culture is not dependent entirely upon unusual hardiness. 
Even should it prove no more hardy than the sweet orange, it would still 
be of great value throughout the orange-growing regions, as the lime is 
so extremely tender that its culture is now almost entirely confined to 
the protected keys along the Florida coast. This hybrid, as well as 
several sister hybrids of this limequat, have been fruited at Glen St. 
Mary, Fla., in the northern tier of Florida counties, but were killed in 
the successive freezes of 1917 and 1918. With a little protection while 
young, and during unusually severe weather, it is probable that this 
hardy form of lime could be grown in the warmer parts of the Gulf Coast, 
supplying a real need in this region. . 

In Florida, California lemons are not obtainable owing to the quaran¬ 
tine restrictions necessary to prevent the introduction of “brown rot” 
Sicilian lemons .are often expensive and axe only obtainable' in the larger 
towns, so that it often happens that a good acid citrous fruit for ade 
making is a decided scarcity even in Citrus-growing territory. 

Budding 'experiments on different stocks are in progress and the 
present' indications are that' the limequat will thrive on most of 
the stocks commonly used except sour orange. Unlike the Thomasville . 
citrangequat the Eustis limequat does not come true from seed. Nursery 
propagation is chiefly confined to the rough lemon and trifoliate orange' 
stocks. Like the lime, if planted low and mounded with soil the limequat 
bud will strike root, thus simplifying the stock question. . Its fruiting sea¬ 
son, is also of importance. To be#f the greatest service in the home fruit 
garden it should bear the bulk of its crop in the warm summer months. 
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The indications are from the few trees that are in bearing in Florida 
that it will prove more or less everbearing, following the lime parent in 
this regard. No doubt its fruiting season can be influenced by methods 
of fertilization and pruning. Selection of budwood from early or 
summer-bearing trees will also be desirable. 

The limequat promises to become a valuable addition to our list of 
citrous fruits. Since the original cross pollination resulting in this new 
fruit was made at Eustis, Fla., a well-known Citrus-producing center* 
it is proposed to name' this hybrid the “ Eustis limequat.” 

TECHNICAL DESCRIPTION OF EUSTIS LIMEQUAT 

Fruit oval (occasionally nearly spherical) slightly asymmetrical, mature fruits 
having a long diameter averaging 1 y% to tyi inches, diameter in cross section, 1% to 
1 % inches; calyx persistent; color light yellow (“picric yellow”) 11 ; rind thin, ^ 
inch, very smooth and glossy, translucent; oil cells spherical, rather prominent* 
having no bitter flavor; segments 6 to 9; seeds 5 to 12, usually averaging 1 to the segment, 
small to medium size, X to fi inch in length; pulp of light greenish color, closely 
resembling lime, tender and juicy, flavor sharply acid (like the lime the fruit can be 
used when full sized but not fully colored); tree evergreen, vigorous, having a tendency 
to produce long shoots which bend downward with the weight of the fruit; resembles 
the lime in producing a succession of crops, though not so markedly everbearing; 
spines on bearing twigs very small, not injuring the fruit; Sowers 5-petaled, pure white 
(not streaked with pink as those of the lime and of most other limequats); leaves 
unifoliate, rather thick, dark green above, lighter below, tapering at both base and 
apex, 2 to 3 inches long, slightly folded along the midrib, having short, narrow petioles, 
closely resembling leaves of the round kumquat except for larger size. 

OTHER LIMEQUATS 

In addition to the Eustis limequat, some 28 other hybrids were made 
by the senior author in 1909 between the West India lime and the 
kumquat. Twenty-four of these, like the Eustis, are hybrids of the 
West India lime and the round kumquat; four are hybrids of the West 
India lime and the oval kumquat. Only about one-third of these have 
been studied in detail, but several of them are being grown in Florida 
and other Southern States. Perhaps the most promising of these is a 
limequat (C. P. B. 48786) of the same parentage as the Eustis; that is 
another cross between the same two parent trees. This is the largest 
limequat yet produced, sometimes equaling a small lemon in size, usually 
being about 1% inches in diameter and 2% inches long. The fruits* 
bright yellow when ripe, have a very pale pulp of a pleasant acid flavor, 
similar to the Mexican lime, the skin is very thin but tough and of a 
mild flavor. There are from two to nine seeds in a fruit. 

This limequat has done particularly well in the garden of Hon. H. J. 
Drane at Lakeland, Fla., and as it is likely to be propagated more or 
less it seems desirable to give it a name. It is accordingly called the 
Lakeland limequat (PI. 5, A). 12 

Another limequat that has attracted much favorable notice is C. P. B. 
No. 48792. This is a hybrid of the Mexican lime with the oval kumquat, 

11 Rjdgway, 'Robert;, of. .csir.*. pi. IV. d 23. 

, la T&chnic&x, . os lakeland limequat: Fruits very smooth, attractive m/asnjeaiwce*, 

oval, average 2X&<diesIoHg i£f inches in diameter; calyx not persistent; color Strontium yellow (IRjdgwaY;:. 
Robert, op. err., pi. XVI, 25)* rind very thin, smooth, sweet and edible like .that, of kumQuat; oil ceUg 
large and prominent, transparent,, showing through the rind, segments 5 to 8, seeds a to 9, large"and oval* 
usually about 6 ; pulp pale, massicot yellow (Ridgway, Robert, op. err., pi. XVI, f, 21), resembling 
lime; very juicy, sharply acid, that of lime; good before fruit is fully colored; leaves 2^ to 3. inches in length; 
evergreen, unifoliate, lanceolate acuminate, petiole short, very narrowly winged; tree vigorous, bearing 
wood nearly spineless. • 




238 


Journal of Agricultural Research voi. xxm, No. 4 


whereas the Eustis limequat and the Lakeland limequat are hybrids of 
the Mexican lime with the round kumquat As this limequat has already 
been propagated to some extent in Florida and is certain to become more 
or less widespread as a dooryard fruit, it seems best to give it a name. 
It is accordingly called the Tavares limequat, 13 Tavares being the town 
. adjoining Eustis, between which two cities lies Mr. Frank W. Savage's 
orange grove, where this and all the other limequats were produced. 

The fruits are very similar to those of the Eustis limequat in appear¬ 
ance, and have much the same flavor. (PL 5, B.) It is often difficult to 
distinguish the fruits of these two varieties, the Tavares and the Eustis. 
On the whole the Eustis seems to be rather better in quality than the 
Tavares. The two can easily be distinguished by the fact that the 
flower buds of the Eustis are pure white while those of the Tavares 
have a pinkish coloration, like those of the West Indian lime. 


18 Technical description op Tavares limequat.* Fruits obcvate or oval, occasionally nearly 
spherical; to xA inches long, to iA inches in diameter; light cadmium yellow (Ridgway, Robert, 
OR. err., PL IV, 19); rind, very thin, smooth, tender, edible, averaging A inch in thickness, mild flavored, 
.■stronger and tougher than that of kumquat and other limequats; segments 7 to 8; segment mils thin; 
seeds large, 6 to 1 x, usually 8 or 9, oval, often pointed at one end; pulp mustard yellow (Ridgway, Robert, 
op. or., PL XVI. b 29'), resembling lime; juicy, sharply add; leaves evergreen unifoliate, lanceolate; 
petioles very narrowly winged; tree vigorous with short spines on bearing wood; flower buds pink 






plate; i 


Four citrangequais and one oval kumquat, nearly x year old; nurse-grafted when at 
months old, on ptimmelo stock. From left to right C. P. B. No. 48005 (Telfair); 
No. 48007; No. 48010 (Thomasville); No. 48036; No. 48049 (oval kumquat). About 
natural size. 
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PLATE a 


A. —Thomasville citrangequat (No. 48010). Natural size. 

B. —Cross section of Thomasville citrangequat sent in by Mr. A* M. Troyerto the 
Bureau of Plant Industry, from Fairhope, Ala., February 1,1922. 

C. —Telfair citrangequat (No. 48005) from McRae, Telfair Co., Ga.» September 28, 
1921. Natural size. 



PIATE 3 

Two Thomasvllle citrangequat cuttings (at left'and right) each. months old. 
In the middle two iS-months-old seedlings, showing the stubs from which the cuttings 
were taken. About \ natural size. 

















PLATE 4 

Evstis fsmequat (No 48798), grown in the greenhouse at Washington, D. C. Natural 
size. 




PLATE 5 

A. —Lakeland liraequat from Lakeland, Fla., November 6, 1919. 

B. —Tavares limequat from Glen St. Mary, Fla., December 23, 1921. 






PRODUCTION AND DISPERSAL OE CONIDIA IN THE 
PHILIPPINE SCLEROSPORAS OF MAIZE ‘ 

Pathologist in Charge of Downy Mildew Investigations , Office of Cereal Investigations? 

Bureau of Plant Industry , United States Department of Agriculture 

By William H. Weston, Jr . 2 

INTRODUCTION 

The members of the genus ScJerospora have come to be recognized as 
among the most destructive of the downy mildews (Peronosporaceae). 
They long have been responsible for considerable injury to such cereals 
as millet and wheat in Europe and have recently occasioned alarming 
losses of maize and related crops in the Orient. 

The genus is known to produce two types of spores; conidia which are 
not at all hardy but serve to spread the disease rapidly under favorable 
conditions, and resistant oospores which enable the fungus to persist 
through such unfavorable circumstances as drought, extremes of tem¬ 
perature, or freezing. Unfortunately, however, comparatively little has 
been known of the methods of spore production and dispersal in the case 
of these fungi, and it can even be said, as Butler (j), 3 who has contributed 
largely to our knowledge of the oriental forms, remarks: 

The life history of the cereal downy mildews, which all belong to the preseat genus, 
is the most obscure among the Peronosporaceae. 

By the early European workers who described the type species (Sdero- 
spora graminicoh (Sace.) Schroet) on which the genus ScJerospora was 
founded, most of. the emphasis was laid on the oospores, and very little 
attention was paid to the conidia! stage, the meager descriptions and 
ihustraripns of'/this, phase; obviously depicting herbarium material unfa¬ 
vorable for study (jj, p. 437-439, fig. 7). Recent investigation of the 
several downy mildews of the Orient, however, has of necessity dealt 
chiefly with the conidial stage, as in almost all of these cases the oospores 
apparently play little, if any, part in the life history. As a result, our 
appreciation of the importance of the conidia! phase of ScJerospora has 
been increased, and our knowledge of the characteristics of the conidl- 
oohores and conidia has been augmented by further information. 

Unfortunately, however, the available information concerning the 
conidial stage of the Sclerosporas is still all too scanty. For instance, no 
data have been furnished on the process of conidiophore and conidium 
production, its duration, its amount, and its relation to environmental 
conditions. Yet such information is obviously of primary importance, 
as spore production and dispersal are intimately related to the distribu¬ 
tion and severity of the disease; and in a complete knowledge of all phases 
of these processes lies the means of intelligently effecting control.'' 7 

■ During the past two years the writer studied the destructive downy 
mildews of maize which are common in the Philippines and found that 

1 Accepted for publication. Aug. jt, 1921. ■ ■ 

*' The writer wishes again to express his gratitude to Bean Baker, Prd. Reiuking, sad Prd. nbtydt* hi 
the Philippine College of Agriculture, for kindly supplying laboratory accommodations and other sad, and 
to Hr. Merrill* d the Philippine Bureau d Science, lor generously extending the facilities d Hurt: 

* Reference is made by number (italic) to “ literature cited/' p. 277-278. 
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two closely related but specifically distinct conidial Sclerosporas were 
causal there. One of these, Sclerospora spontama Weston, occurs on 
maize and the wild grass Sacckarum sponianeum L. Visayan Islands 

-and is particularly distinguished by its long, slender oomdia; while the 
other, Sclerospora philippinensis Weston, occurs on maize ’the Island 
of Luzon and has relatively short conidia. Papers describin^the char¬ 
acteristics and discussing the destructiveness, distribution, and relation¬ 
ship of these species already have been published (24, 25). 

In the course of this work the process of conidium production and" dis¬ 
persal has been worked out; and as this phase of the life history of ScleftO- 
spora has never before been investigated in detail and shows several" 
points which are of considerable importance in their relation to control, 
and of some interest from their mycological aspect, these are presented in 
the following paper. 

PRODUCTION OP CONIDIA % 

As has been reported previously by the writer (24, 25), the conidial 
stage is the important one in the life history of the Philippine maize mil¬ 
dews, as it is by means of this stage exclusively that the widespread and 
serious destruction of maize is accomplished in the Philippine Islands, 
the oospores being as yet unknown on this host. The most vital phase of 
the conidial stage is the complex and hitherto obscure process of conidio- 
phore and conidium production. Detailed consideration of this matter 
necessitates discussion of the following points: the demarcation of the 
conidiophore-bearing areas through preliminary paling of the infected • 
tissue; the influence of environmental conditions, especially moisture, in 
inducing conidiophore production on these areas; and the emergence and 
development of the conidiophores thus induced. In addition, the noc¬ 
turnal cycle of conidiophore development under various conditions, the 
long duration of this production in relation to the life of the host, and the 
magnitude of the numbers Of conidia produced will be considered. Be¬ 
cause the two causal species of Sclerospora agfee essentially in all the 
main features of conidium production, the following account of the process 
except as noted applies equally to both. 

PRELIMINARY paling op the conxdiophgre-bearing areas 

When a maize plant becomes infected with Sclerospora, it first develops 
on the normally green leaves markings of a more or less conspicuous pale 
yellowish white color (PL 1 B ), and later it shows on the areas thus marked 
a down or felt of innumerable conidiophores and conidia (PL j, A). These 
etiolated markings are always present in infected plants but vary greatly in 
extent, in shape, and in color according to the effect of such factors as the 
■ individual and varietal character of the host, the age at which it became 
infected, and the kind of climate and soil which have influenced it subse¬ 
quently. As a result, it is not possible to cover the range of variation by 
any general description of the markings. To be sure, they may be 
grouped roughly into such categories as the types 1, 2, and 3 recognized 
by Palm (16) in the Javan maize mildew; but it should be remembered 
that these types are not differentiated with absolute distinctness, but 
intergrade. 

^ Certain types of markings are not associated with conidiophore produc¬ 
tion and hence need not be considered here. Palm’s third type, with 
slender golden striping decreasingly extensive on successive leaves, and 
the markings of similar characters found by the writer (25) to result from 
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infection through suckers, as well as the inconspicuously marbled mark¬ 
ings described later in this paper as the result of preventing the access of 
dew or other moisture to infected leaves, are of this kind. 

Certain markings, however, are always associated with conidiophore 
production. The most common of these have been described and illus¬ 
trated by the writer (24) for the maize downy mildew of the Philippines, 
by Butler (3) for that of India, and by Palm (16) and Rutgers (20) for that 
of Java. The photographs, diagrams, and colored plates in these papers 
show the general characteristics and the range of variation in color and 
pattern of these markings. Consequently, no further description is 
necessary at this point. 

It should be noted, however, that as a rule the markings associated 
with conidiophore production are progressively more extensive on suc¬ 
cessive leaves. This is especially noticeable in those markings which, 
because of their extremely pale color and large areas, are particularly 
conspicuous; and which, because they are associated with excessively 
abundant conidiophore production, are of especial concern to us here. In 
general, a leaf showing such marking has at the base a more or less ex¬ 
tensive solidly discolored area from which irregular, jagged, tongued 
protrusions extend toward the tip. On the lowest leaf attacked (which 
may be any from the second or third up to the eighth or ninth) this 
discolored area is confined to a small portion of the base of the blade, 
while on each successive leaf the area increases in extent and the irregular 
protrusions run farther and farther progressively toward the tip, until 
on the last leaves the yellowish white discoloration occupies the whole 
blade (fig. 1). 

The development of this pale color throughout these leaf markings of 
the diseased plant is a gradual one. When infected but as yet normal 
plants are kept under constant observation during the appearance of the 
disease symptoms, it is noticed that in the normal dark green of the 
leaves that,are already unfolded, areas of the characteristic shapes 'that 
have been described, pale gradually through a yellowish green, then 
yellow, to a yellowish white color.. The process is usually a gradual one, 
requiring several (6 to 24) hours from the beginning of the first difference 
.in shade until the assumption of the final persistent whitish color. Since 
this loss of color is due to changes in the chlorophyl-bearing cells of the 
leaf brought about by the invading hyphae of the parasite, it is remarkable 
that so decided an alteration can be effected in what is relatively so short 
a time. The whitening of these areas may take place apparently at any 
hour, but in most cases observed it has been seen to occur during the 
night or in the early morning. 

It should be emphasized particularly that the extent of these discolored 
areas is established at the beginning, and no increase in size takes place 
as time goes on. If, as soon as the discolored areas of an infected plant 
have paled sufficiently to be distinguished, they are outlined lightly with 
waterproof ink, it can easily be seen that when once defined they never 
grow out toward 'the tip of the leaf, but their outlines remain unchanged 
in extent. Moreover, if in a downy-mildewed plant one dissects out the 
young leaves, on the tips of which the markings can be seen as they unroll 
from the bud, the discolored areas on the inclosed part of the leaf will be 
found already faintly defined. These faintly distinguishable areas may, 
to be sure, expand somewhat as the unrolling leaf expands to its normal 
dimensions, but they show no progressive growth once the marked areas 
are established. 
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RELATIONSHIP OF CONIDIUM PRODUCTION TO ENVIRONMENTAL CONDITIONS 

After the infected com plant has developed the peculiar yellowish 
white markings which are characteristic of the disease, the production of 
conidiophores and conidia on these areas begins. Just how soon this can 
occur has not been determined; but in most of the cases observed, in 



i.—D iagrams (from tracings) showing the characteristic configuration and extent of .the etiolated 
, ccnidiophore-bearing areas on successive leaves of conspicuously diseased maize plants (A, plant i; 
B a plant ro> Table II ).' The etiolated area (white) is increasingly greater and the unaffected area (black) 

'' mereaslngly smaller on successively developed leaves. The proportion of the total, surface which pro-' 
. duces conidia Is relatively large. Scale in inches. 


which the paling of the symptomatic markings took place at night or in 
the early morning, conidium production from these diseased areas began 
the next night if environmental conditions were immediately favorable. 
Under less favorable circumstances, however, several nights sometimes 
elapsed before conidia were produced. 
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The production of conidia from, the- diseased plant takes place almost 
without exception at night. Of the conditions which obtain during the 
night in the Philippines, the most essential to conidiophore production, 
is apparently the presence of a layer of moisture 012 the surface of the 
infected plants. In this regard dew plays the foremost part under custom¬ 
ary field conditions, while gentle rains are of somewhat less importance. 
The film of moisture must not be temporary but must persist for at least 
four or five hours to permit the conidiophore buds to protrude from, the 
stomata, develop into conidiophores and mature conidia. The maxi¬ 
mum production of conidia is attained when the whole plant surface is 
drenched and dripping with a heavy deposition of clew, as happens when 
still, clear, cool nights follow hot, rainy days. A gentle, drizzling rain 
persisting through the night and keeping the surface of the com plant 
covered with a layer of moisture also results in conidium formation, 
though to a less extent. During violent, nocturnal storms, however, 
when the plants are beaten with driving torrents of rain, comparatively 
little conidium production occurs, and then only 011 the more protected 
parts of the plant where the delicate conidiophores can develop uninjured. 
No conidium formation takes place on nights when there is no deposition 
of dew on the infected plants, or when the temporary surface layer of 
moisture, whether of dew or rain, is dried in a short time by inopportune 
winds. 

That the nocturnal production of conidia by the downy mildew depends 
on the presence of a layer of moisture over the host leaves was found to 
hold true not only under natural conditions in the field but also under the 
controlled conditions of various experiments. A number of maize seed¬ 
lings, after being inoculated' with the downy mildew, were divided into" 
two lots, one of which was exposed to the usual field conditions, while the 
other was kept indoors protected from dew, rain, or other surface mois¬ 
ture. After the normal incubation period both lots developed the dis¬ 
colored markings characteristic of the disease; but although on successive 
moist nights the exposed plants produced abundant conidiophores, the 
plants indoors, on the contrary, consistently failed to produce any coni- 
diopliores whatever. After this had gone on for 10 days a few plants 
from the exposed lot were brought indoors, and a like number of the 
indoor lot were placed in the field. On the first favorably moist night 
thereafter conidiophore production took place on the latter newly ex¬ 
posed plants, although previously, while indoors, this had never occurred. 
On the contrary, the plants which had been supporting abundant coni- 
diophore production in the field now, when brought indoors, ceased to 
bear any conidiophores whatever. Those other plants of the original 
lots which had been left indoors or had remained in the field continued 
to behave as heretofore. By varying the procedure in a series of experi¬ 
ments such as this, the dependence of conidiophore production ■ on noc¬ 
turnal moisture on the host was clearly demonstrated. When once this 
dependence was realized, it was comparatively simple to manipulate 
conditions -so that ’the formation of conidiophores was induced or stopped 
at will. 

It should be noted., however, that conidiophore production : on an 
infected plant can not .'thus be induced month after month' indefinitely,' 
but if continued at intervals in experiments will gradually cease, 
being limited in duration as it is in'plants growing undisturbed in the 
field. For example, if under field conditions the production of conidia 
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on a set of plants extends over two months, then this time will be the 
limit for inducing conidium formation on a similar set of plants which 
after inoculation have been kept indoors except when exposed to dew 
for occasional tests. It should be noted also that the markings of the 
disease on inoculated plants indoors are relatively inconspicuous when 
they appear and gradually become less and less marked until eventually 
they are so greenish in color and so broken up and interrupted in pattern 
that they are only recognized with difficulty. 

In general, conidium production by the downy mildew takes place 
from tiie surface of the host chiefly on the discolored areas characteristic 
of the disease (PI. 4, B, C, D). It may also occur, although less abun¬ 
dantly, on areas of the host that are apparently normal. Microscopic 
examination shows that the discolored areas harbor the most abundant 
mycelium in their tissues; but even areas that are seemingly healthy, 
and in fact any part of the diseased plant except the roots, may be 
invaded to some extent by the Sclerospora hyphae. As a result, in the 
case of plants which have become infected after they have attained suffi¬ 
cient growth so that they can struggle along to maturity in spite of the 
parasite, abundant conidiophore production may occur not only from 
the leaves but also from the leaf-sheaths (PL 4, E), from the husks 
PL 5, B), from the abnormal bract-like structures which are produced 
by diseased tassels and ears (PL 5, A), from the upper intemodes of the 
stem, from normal parts of the tassel, and from the green, exposed tips 
of infected ears. 

Conidiophore production may take place on both surfaces of the leaf. 
Whether the conidiophores emerge from the upper or lower surface of a 
leaf depends first, on the presence of stomata through which the conidio- 
phores may develop, and, second, on the presence of a sufficient layer of 
moisture to induce this development. In maize the distribution of the 
stomata is rather uniform, the number in the lower surface of the leaf 
exceeding only slightly those in the upper. As a result, if other condi¬ 
tions are equal, the abundance of conidiophore production may be some¬ 
what greater from the lower surface, but as a rule it appears to be about 
the same on both. 

The presence of a layer of moisture on the leaf surfaces is determined 
by climatic conditions. During a gentle, drizzling, nocturnal rain there 
is deposited on the exposed upper surface of the leaf a sufficient layer of 
moisture to induce conidium formation there, while the protected lower 
surface is for the most part dry and bears no conidiophores. Dew, how¬ 
ever, is usually deposited rather uniformly over the infected plant, on 
both the upper and lower surfaces of the leaves, and hence induces 
conidiophore production which either is approximately equal on both 
surfaces or else is somewhat more abundant on the lower, because of the 
more numerous stomata there. 

This relatively even distribution of the conidiophores induced by dew 
is the type most frequently encountered on maize in the Philippines, 
and the reports of Butler (j), Rutgers (ao), and Palm ( 16 ) that conidio¬ 
phores occur on both surfaces but are slightly more abundant on the 
lower would indicate a similar' condition in the case of the other oriental 
make , mildews. , On sugar cane, however, at least on the only 
conidiophore-producing plant which the writer found in the Philippines, 
the conidiophores are almost wholly confined to the under surface of 
the leaves, and this is true also of the wild grass Saccharum spontaneum . 
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That this is not due to any character inherent in the fungus is shown by 
the fact that both species of conidial Philippine Sclerosporas behave in 
this way when growing on S . sponianeum and yet develop conidiophores 
on both sides of' the leaves when growing on maize. On the contrary, 
the restriction to the lower surface of the leaves of sugar cane and the 
related wild Saccharum is attributable to the fact that in this genus by 
far the greater proportion of stomata are on the under surface. Dickhoff 
(6) and others have found this condition in sugar cane, and the writer 
has corroborated it in the wild Saccharum. It is of interest to note also 
that Miyake (25) reports that the Formosan downy mildew forms conldio- 
phores only on the under surface of the leaf in sugar cane but on both 
surfaces in maize and teosinte. 

When the production of conidiophores and conidia by the Sclerospora 
mycelium in a leaf first begins, it is not usually abundant. It starts on 
the first night with the protrusion of a few scattered conidiophores from 
the surface of a badly affected area usually along or adjacent to the midrib. 
During succeeding nights more and more conidiophores appear until 
finally vast numbers are produced nightly. As a rule, conidiophores 
appear first on the lowest leaves and leaf sheaths, which are markedly 
affected, and later develop progressively upward on the younger leaves 
of the plant. 

"After discovering that conidiophores were produced by the downy 
mildew only at night, the writer naturally endeavored to determine what 
factors operative during the night served to induce the mycelium of the 
fungus to send out conidiophores through the stomata of the host leaves. 
The conditions of the environment which prevail at night are- darkness, 
lowered temperature, and the deposition of a layer of moisture on the 
surface of the host plant; the plant's stomata are nearly or quite closed, 
and metabolism is altered after the cessation of the photosynthesis which 
went on during the day. Hence, changes follow in the chemical content 
of the host cells and even of the gases in the substomatal chambers. 

An attempt. was. made to determine by experiment which of these 
factors, or combination of interacting factors, was involved. It was 
found that darkness was not operative alone, nor in conjunction with the 
closed stomata and the metabolic changes following cessation of photo¬ 
synthesis. No conidia were produced during the day time on infected 
plants kept in dark chambers, either at normal temperatures or cooled by 
ice; nor at night on plants which were cooled naturally and which had been 
undergoing normal photosynthesis in the sun during the day. Hence, it 
seems logical to conclude that neither darkness alone, nor darkness and 
lowered temperature combined, nor darkness and lowered temperature 
following normal exposure to the sun w r ere the essential factors involved. 
Because in the first two instances the stomata were closed in plants in the 
dark chambers, and because in the third case the stomata were, closed .and 
the condition of the cells was the normal one after photosynthesis had 
ceased, it seems doubtful if these factors also are. of any particular influ¬ 
ence in conidiophore production. 

The remaining factor, however, the presence of a layer of moisture 
deposited on the surface of the infected plant, does seem to be directly 
connected with conidiophore production. The writer found.by a number 
of experiments, some of which have already been described earlier in this 
paper, that apparently it is the dew or other moisture on the surface of 
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the plants which induces the nocturnal conidiophore production. Just 
how this layer of moisture operates in this connection is unknown. 
Possibly the layer of moisture is effective by sealing the stomata and 
influencing the gas or moisture content within the substomatal chambers, 
so that this in turn affects the branches of the mycelium located there. 
It seems more probable to the writer, however, that this layer of moisture 
covering the stomata! pores furnishes the emerging conidiophores of the 
Sclerospora the necessary moisture for their development and that this 
development can not take place in the air alone. If this is the case, it 
arouses the interesting conjecture that this relationship may be of phylo¬ 
genetic significance, an indication of steps by which the terrestrial 
Peronosporacese have been evolved from aquatic saprolegniaceous an¬ 
cestors. 

However, attempts to induce conidiophore production during the day 
by supplying a layer of surface moisture to the infected plants were 
entirely unsuccessful. Plants which had been actively producing conidio¬ 
phores night after night were put in an ice chest and kept at a lower 
temperature for some hours; but although moisture was deposited on the 
inner walls of the container, the leaves, probably because their respiration 
prevented them from reaching the dewpoint, remained free from dew. 
The surface of the infected plant was, therefore, kept covered with a thin 
layer of moisture by repeated spraying. No conidiophores, however, 
were formed, although a darkened ice chest and also a light double-walled 
glass chamber maintained at the same temperature w r ere used in the 
experiments. Moreover, heavily infected leaves of such plants when 
fastened so that they were submerged in jars of pure water produced no 
conidiophores either during the day or at night. These experiments are 
admittedly crude, and it is probable that the processes resulting in conidio¬ 
phore production in the surface layer of moisture are delicate physiologic 
ones which will require careful study under the most exactly controlled 
experimental conditions before they are thoroughly understood. Even¬ 
tually this phase of the problem should be carefully worked out; but at 
present, even though the relationship is not entirely understood, it can 
be said that the formation of conidiophores in both species .of Philippine 
Sclerosporas—whether on maize, teosinte, sugar cane, sorghum, Sac- 
charum sponianeum , or Miscanihus japonicus Anderss.—never takes place 
except when the surface of the host is covered with a persistent layer of 
moisture during the night or very early morning. 

As condidiophore production in these Philippine Sclerosporas has been 
found by the writer to be restricted so rigidly to. the night time, it is of 
interest to note whether any such restriction has been observed by inves¬ 
tigators of the other important conidial Sclerosporas of the Orient. 
Apparently Miyake (15) alone appreciated that conidiuxn production 
was nocturnal. Not only Butler (5) in his investigation of Sclerospora 
maydis (Rac.) But!., in India, but also RaciborsM (rp), Rutgers (20) 
and Palm (16) in their successive studies of S. Javanica Palm, of maize 
in Java, failed to grasp this point To be sure, Rutgers realized that 
there'was a relationship between conidium production and moisture, 
since he stated that the fungus in the early morning was like a white 
down on the moist leaves while later in the day when the conidiophores 
.and conidia were dried it gave a line granular effect as of dried salt solu¬ 
tion. Palm (16), on the other hand, regarded moisture as essential, not 
■or the production, but for the germination, of the conidia, and consi- 
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dered it necessary to secure inoculating material early in the morning 
(around 9 o'clock) when the leaves were moist. Miyake (15) however, 
in his investigation of S. sacchari Miy., of sugar cane in Formosa, learned 
that conditions obtaining at night were in some way involved in inducing 
conidiophore production. In an endeavor to secure material suitable 
for ^germination experiments he placed infected cane leaves in glass jars 
which were inverted over shallow dishes of water. Under these con¬ 
ditions he found that deposition of spores always took place at night 
and never in the day time, no matter at what time these cultures were 
started. To observe the procedure more carefully he prepared similar 
moist chamber cultures which he examined hourly from 5 p. m, ■ De¬ 
position of conidia began at 1.30 a. m. and continued until 2.30 a. m. 
He concluded that during the day time the fungus prepares for conidi- 
ophore and spore formation which takes place during the night, but he 
believed his investigations needed repetition. Miyake realized that 
conidia were deposited at night under these laboratory conditions and 
inferred that this was true in the field also, but apparently he did not 
appreciate that this occurs repeatedly night after night on infected 
plants, nor did he attempt to determine whether moisture, darkness, or 
other night conditions are responsible. 

DEVELOPMENT OP THE CONIDIOPHORES 

Whenever and wherever it may occur, however, the development of 
the conidiophores and conidia follows the same general procedure. As 
has been said above, it is apparently the covering of the surface of the 
maize plant with moisture which influences the Sclerospora mycelium 
within the tissues of the host to produce conidiophores and conidia. 
After the host surface is thus covered, the stout mycelial branches which 
are located in the intercellular spaces and in the air chambers beneath 
the stomata (PL 7, G, H) begin to send out prolongations, several of 
which push through each partly closed stomata! pore (PL 7, B, C, D) 
and give rise to a compact group of several simple or branched knob¬ 
like processes (PI. 7, E) which are closely appressed to the outer leaf 
surface, covering the stoma. From each of these knobs develops a cla- 
vate hypha (PL 8, B, C), the main axis of the conidiophore, which in¬ 
creases" rapidly in size (PL 8, D, E) and finally forms at its apex the 
papillate buds (PL 8, J), which grow into the stout primary branches 
(PL 8, K, M). As these extend they, in turn, form at their apices the 
paired protrusions which become the secondary branches (PL 8, N); 
and in like manner the tertiary or even quartemary series of branches 
are developed (PL 8, O) until finally from the ultimate tips arise the 
sterigmata. From the apex of each sterigma buds out a conidium '(PL 8, 
Q) which grows rapidly, beginning as a small, globular protrusion (PL 
8, R, S) and passing successively in its development through globular 
pyriform, oval or ellipsoidal stages (PL 9, A-I), until finally it attains 
the size^ and shape, usually rounded cylindric, of maturity, and is cut 
off from the sterigma by a wall (PL 9, J, K, W). 

These successive stages of conidiophore development require several 
hours for their completion. The formation of the group of knoblike 
conidiophore initials Is , sot completed until the surface of the, plant has 
been covered with moisture for two to four hours; and the development 
of the conidiophore and conidia to maturity consumes about three hours 
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more. The process is, however, a continuing one, the knoblike conidi" 
ophore initials developing into conidiopbores one after another in fairly 
regular succession so that several stages' of the transition from the 
initials to the completed conidiophore are usually found over a stoma 
(PL 7, F; 10, G, H). 

In many cases the first “crop” of conidiopbores which matures seems 
to be the maximum one, successive “crops” being somewhat less heavy. 
When badly infected leaves are examined at die time of maximum 
conidium production (usually about 2.30 a. m.) they are seen to present 
a striking appearance. The moist surface is covered with a dense 
grayish white “down” of innumerable conidiopbores whose treelike 
shape can be distinguished on closer inspection. 

Attempts were made to determine whether the groups of knoblike 
processes over the stomatal pores were renewed each night by growth 
from the internal mycelium, or were able, if not'entirely used up'in 
developing conidiopbores during one night, to survive the day and form 
conidiopbores the night following. In occasional instances, especially 
in Saccharum spontaneum with its sunken, protected stomata (PL 7, H), 
and during rainy or cloudy days, leaves sectioned during the day showed 
groups of knobs that were apparently still viable. As a rule, however, 
indications were that these groups dried up and were replaced by new 
ones which pushed out of the stoma on the next favorable night. Further 
investigation is necessary to settle this point conclusively. 

It is noteworthy that the tips of the conidiopbores customarily pro¬ 
trude slightly from the surface of their layer of moisture on the leaf, so 
that the conidia and sterigmata and perhaps even the ultimate branch 
tips are free, although beaded with adherent droplets of moisture or even 
covered by a single larger drop which involves the whole head. To 
some extent there is apparently a relation between the thickness of the 
moisture layer on the leaf surface and the height of the conidiopbores. 
In scanty dew when the layer of moisture on the leaf is very thin, the 
conidiopbores are short and stocky; while those which develop in deeper 
layers of heavy dew are usually longer. In both cases the conidia are 
borne just above the surface of the moisture layer. It should be noted, 
however, that the specific distinctions of length which exist between the 
conidiopbores of Sclerospora philippinensis and £. spontanea are not 
invalidated thereby; since especially in their longer and more slender 
foot cells the conidiopbores of the latter maintain their proportionate 
differences' even when the two are grown under the same conditions 
(PL 8, O, P; io, B, F). 

DISCHARGE OR THE CONIDIA 

In view of the fact that the conidia were borne just barely above 
the surface of the layer of moisture on the leaf, or even involved in 
adherent droplets, and yet (as will be shown later) were distributed in 
vast numbers by the slightest air currents, it did not seem possible to the 
writer that mere passive adjunction of the conidia from the sterigmata 
could be accountable for all that was observed. When, for instance, 
Petri dishes containing a thin layer of nutrient agar were placed at the 
base'of a young, infected, com plant from which abundant conidium 
production took place nightly, and when the whole was covered by a large 
bell'jar firmly pressed into the earth and allowed to remain overnight, 
in the morning the surface of the agar was found covered with innumer- 
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able conidia. If the conidia merely dropped off the sterigmata, they 
would of course fall down to the Petri dishds from the lower surface of 
the more or less horizontal leaves; but those produced on, the upper 
surface would hardly be carried off by the slight convection currents 
■within the jar rapidly enough to prevent most of them from falling into 
the moisture on the upper surface of the leaf. Microscopic examination 
of the moisture on the upper and lower surfaces of the horizontal portion 
of such a leaf, however, showed no more spores in the former than in 
the latter, and relatively very few in either. Moreover, a whitish deposit 
of innumerable conidia often was observed on healthy leaves which, 
in crowded plantings, stood in close juxtaposition to Infected, spore¬ 
bearing leaves. This occurred even when the parts were sheltered and 
were in such a vertical or oblique position as to preclude the possibility 
of such a deposit accumulating from conidia which merely fell. 

Prom such observations the writer was led to suspect that the conidia 
were actively discharged. To obtain further information on this point 
the following experiments were performed on maize infected with Sclera - 
spot a pkilippinensis . During the afternoon the leaf of a badly diseased 
plant that was known to be producing abundant conidia each night was 
carefully scraped with a scalpel until its surface was entirely free from all 
dried remnants of _the last night's conidiophores. The leaf was then fas¬ 
tened to a stake so that this scraped surface was held rigidly In a vertical 
plane. Facing this surface a slide, previously smeared lightly with clear 
agar, was fastened securely at a very slight angle, with the upper end 
almost touching the leaf and the lower end about 3 mm. away. The 
earth around the plant was then watered copiously; and the whole was 
covered with a large tin can the edges of which were pressed firmly into 
the earth and sealed with wet clay. Early the next morning this cover 
was removed carefully so as not to disturb the plant; and the slide was 
dexterously lifted away without touching it to the leaf surface. On ex¬ 
amination the slide was found to be covered with freshly germinating 
conidia for some distance from the edge nearest the leaf. By substitut¬ 
ing a strip of black cardboard for the slide, a faint spore-print, decreas- 
ingly dense toward the end farthest from the leaf, was obtained. 

More direct evidence was secured as follows. Under a strong beam of 
light concentrated by a condenser, a portion of the leaf surface where 
abundant eonidium production was taking place was watched contin¬ 
uously through low power magnification. Under these conditions the 
conidiophores, their tops heavy with clumps of maturing conidia, could 
be seen standing In rows corresponding to the rows of stomata below. 
During long observation occasional dumps of conidia were seen to flash 
away as momentarily gleaming specks, leaving a gap In the line of conidi¬ 
ophores,, 

In the opinion of the writer these experiments and observations Indi¬ 
cate that the conidia are forcibly thrown off from the sterigmata. If will 
rest with future and more precise investigations to prove this conclu¬ 
sively. 

Attempts were made to determine the means by which discharge of the 
conidia was accomplished. Because all efforts to grow the .Sclerosporas 
in pure culture failed, it was impossible to study the developing conidio- 
phores in- Van Tieghem cells; and it was found equally impossible to 
adjust conidiophore-beadng leaves for study under the high power with¬ 
out disturbing .the moisture on the leaf and interfering with eonidium 



250 


Journal of Agricultural Research voi. xxm, no. 4 


discharge. However, in so far as could be determined by a study of 
conidiophores mounted in all stages before and, after discharge of the 
conidia, the process apparently takes place as follows: At the point where 
the maturing conidium is attached to the sterigma, the wall across the 
base of the conidium and that across the apex of the sterigma are, when 
first formed, quite flat in contact with each other. Later the increasing 
turgidity of the conidium and sterigma causes these membranes to bulge' 
outward, a tendency which is restrained by the adhesion of the two sur¬ 
faces to each other. As this impulse to bulge outward increases more 
and more, however, it finally reaches a point where it overcomes the 
adhesion of the two surfaces; and with a sudden snap the basal septum 
of the conidium and the apical septum of the sterigma bulge sharply 
outward and shoot the conidium away. In abundant fresh material all 
the stages of this process can be traced, the flatness of the base wall of 
the conidium and the apex of the sterigma before (PL 9, L-V), and the 
bulging after discharge, being particularly noticeable. 

Apparently all the conidia on one conidiophore customarily are ejected 
at once; but occasionally a conidiophore was encountered with most of 
its sterigma tips bulged out and obviously just freed from their conidia; 
while on one or two branches seemingly less mature, the conidia still 
remained in situ (PL 9, W). 

When the conidiophore has discharged its conidia, its vitality declines, 
it is attacked by bacteria which swarm in the moisture on the leaf sur¬ 
face, and after dawn it is shrivelled by the sun to a dry, almost unrecog¬ 
nizable mummy (PL ro, C, D, E, H). In no case was seen any evidence, 
such as sterigmata with their apices burst open, which would indicate 
that an explosive ejection of the conidia, with loss of contents and subse¬ 
quent collapse of the conidiophores, had taken place. 

The discharge of conidia by the sudden bulging out of walls formerly, 
flat in contact with each other was first described according to Buller (2) 
by Nowakowski for the Entomophthoreae. It has since been found by 
Buller (2) to take place in the case of the basidiospores of certain Hyrneno- 
mycetes, and by Coons (5) also in the case of the sporidia of Gymnos- 
porangium. In view of this, it is of interest to note that a similar method 
of spore discharge apparently obtains in the genus Sclerospora of a 
family (Peronosporaceae) in which the passive ab junction of the conidia 
has been assumed hitherto. 

The distance which the Sclerospora conidia are ejected is very minute. 
With the apparatus available no accurate measurements could be made; 
but by such crude devices as the slanting slide mentioned above, the 
trajectory limit was approximately determined as about 1 to 2 mm. 
Small as this distance is, however, it suffices to carry the conidia into the 
air where they are wafted away by more or less rapid air currents; and it 
is noteworthy that this process of conidium discharge is remarkably well 
adapted to secure the dispersal by air currents' of conidia flung from the 
moist surface of the maize plant. 

NOCTURNAL CYCIM OR CONIDIOPHORR PRODUCTION 

The process of conidium production which has been described follows 
a regular cycle under normal conditions of dew deposition. The leaves 
are wet with dew at 8 or 9 p. m, . Groups of knoblike initials are formed 
over the stomata at about 11 p. riT. and most of the first “ crop ” of conidia 



Jaa. 27,1923 


Production of Conidia in Philippine Sclerosporas 251 


has matured and is being discharged at 2 a. m. It should be emphasized, 
however, that this process is a continuing one; for during this time other 
conidiophores have been developing from the initials, so that from thence¬ 
forward a constant succession of conidia is developed and discharged. 
Although the maximum discharge of conidia usually takes place from 
2 to 3 a. m. and lessens somewhat after that time, it does not entirely 
cease until the necessary moisture is dried by the early sun. This .schedule 
applies consistently under the condition of uninterrupted dew which 
usually obtains during clear nights in the Philippines whether in dry, 
wet, or transitional seasons. 

During rains, however, this schedule may be altered. When gentle 
rain begins in the afternoon and continues so that the plants have already 
been wet two or three hours by the time dew deposition begins, the 
formation of conidia takes place much earlier, beginning even as soon as 
9 o'clock, reaching its maximum around midnight, and continuing under 
favorable conditions till dawn. 

Observations made on May 24, 1919, furnish a good example of such a 
schedule. After a hot, humid day with a maximum temperature of 93°F., 
rain began at 4 p. m. and fell steadily for more than an hour. The sky 
remained clouded and the air, which was full of moisture, cooled rapidly, 
reaching 75 0 shortly after sunset and causing an early and heavy deposi¬ 
tion of dew. At 8 p. m., when their surface had been moist uninterrupt¬ 
edly for 4 hours, infected maize plants were inspected. Microscopic 
examination showed that conidiophore production was indeed beginning, 
the conidiophores being in the earliest stages of development as club- 
shaped initials. At 9, development of the conidiophores had progressed 
further and the whitish down was visible under a lens. At 10, heavy 
conidiophore production was apparent, and quantities of conidia were 
matured. This production reached its maximum from about 11 until 
midnight but still continued, although less abundantly, at 5 the next 
morning, when the sun was just appearing. On plants protected from 
the early sun conidia were formed for about an hour more before drying. 
Production of mature conidia in this case continued for more than 8 
hours instead of the 4 or 5 of the usual schedule. 

When, after a night of abundant dew, the sky clouds over and a 
gentle rain begins at dawn, so that the necessary moist condition of the 
leaves is maintained into the morning by a constant drizzle, the process 
of conidium production may continue for a few hours longer. Similarly 
when maize is located in deep valleys or protected from the first rays of 
the sun by the shade of trees or hills, the dew on the infected leaves and 
the consequent production of conidia persists after the process has 
ceased on the already dried leaves of less sheltered plants. 

During the dry season, also, the usual schedule may be altered. 
Occasionally conditions of temperature and moisture are such that dew 
deposition is very light and fleeting, and conidiophore production, 
beginning tardily, is scanty, restricted to moister parts of the plant 
surface and soon ceases. For example, on April 23, 1919, one of several 
successive dry, partly cloudy days, although the temperature, which 
had been 92 ° F. about noon, dropped gradually to 75 0 during the night, 
dew deposition was very late and scanty, as the sky was clouded and a 
warm, dry' breeze' blew fitfully. Frequent examination of infected 
maize plants showed that a very light dew began to gather at 10 p, m. 
'At 3 a. m., in a thin film of dew on the leaves, a scanty production of 
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conidiophores was apparent. Microscopic examination showed that the 
first a crop J? of conidia was maturing but that the conidiophores were 
dwarfed and scantily branched. A little after 4 a. m. conidiophore 
production was terminated when the dew dried as the breeze increased. 
In this case formation and liberation of conidia lasted for about an 
hour only. 

The entire process of conidium production from the emergence of the 
internal hyphae through the stomata to the final ejection of the mature 
conidia takes place with remarkable regularity. Whether on infected 
maize, teosinte, sorghum, sugar cane, Saccharum spontaneum , or Mis- 
canthus japonicus , whether on young seedlings or senescent plants, 
whether on leaves, tassels, bracts, or other infected parts, the cycle of 
conidium production under favorable climatic conditions follows a 
relatively constant schedule, which may be outlined as follows: 

7 to 8 p. m. Clear, still evening; dew deposition begins. 

10 to 11 p. m. Plant surface wet with dew; groups of knoblike conidiophore 

initials are forming over the stomatal pores on the leaf surface. 

11 to 12 p. m. From the knoblike bases the clavate main axes are developing 

and beginning to form primary branches of the conidiophores. 
12p.m.to 1 a. m. The branch system of the conidiophore is now completely devel¬ 
oped, and conidia are beginning to bud out, while the basal 
cell is being cut off by a cross wall. 

1 to 2a.n1. Discharge of the conidia and their dispersal by air currents begins 

to take place. 

2 to 3 a. m. Discharge and dispersal of conidia is at its maximum. 

3 to 4 a. m. Discharge of conidia lessens. Some of the first conidia dis¬ 

charged and scattered have reached the water held in the 
unrolling leaves or in the leaf axils of young susceptible plants, 
and there have germinated and started infection. 

4 to 5 a. m. Few conidia are discharged or further conidiophores developed 

but germination and infection by conidia already spread 
continues. 

5 to 6 a. m. Sun rises and soon dries the plant surfaces, killing the few coni¬ 

diophores and conidia still developing from infected plants, 
and also the conidia which have not yet achieved the infection 
of the new hosts they have reached. Those conidial germ tubes, 
however, which have already penetrated in to the host tissue 
are not killed when the plant surface is dried but continue to 
invade the host within whose tissues they are protected. 

The procedure which has just been outlined is beautifully adapted 
to the limitations of the delicate conidia which when dried are killed 
immediately. Borne on conidiophores which are submerged in dew, 
carried in countless numbers through the cool darkness on currents of 
damp air, dropped into the moisture contained by such susceptible parts 
as unrolling leaves, and there sending germ tubes into the succulent 
interior tissue of the host, the conidia, despite their delicacy, are able to 
accomplish infection in a remarkably efficient manner. 

This procedure is also exceedingly successful in accomplishing the 
'rapid spread of infection and distribution of the disease. Plants thus 
diseased will in turn begin producing conidiophores after about 10 days 
or, if they are young, even in 3 to 5. As a result, a small center of 
inoculation can under favorable conditions cause the infection of large 
areas in a relatively short time. 

DURATION OF CONIDIOPHORE PRODUCTION 

The development of conidiophores and conidia from the downy 
mildew mycelium ensconced withm the diseased maize plant is not limited 
to one night, nor does it cease after it has occurred several nights, but 
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rather may continue to take place every favorable night for a month, six 
weeks, or even so great a proportion of the plant's existence as two or 
more months. Because this has not been realized hitherto, the danger 
of even a single conidium-producing plant to the surrounding fields has 
never been sufficiently appreciated or emphasized. 

The duration of nightly conidium production was studied in a large 
number of infected plants, including maize, teosinte, sorghum, sugar 
cane, Saccharum spontaneum, and Miscanthus japonicus . At first the 
plants were examined each night, but later the following more convenient 
method was used. On the badly infected leaves of each plant an area, 
on which formation of abundant conidiophores occurred nightly, was 
outlined on both the upper and lower surfaces with waterproof ink. 
Each afternoon these areas were carefully scraped clean from all remains 
of previous conidiophore production; and earty the following morning 
the presence or absence of conidiophores and conidia showed whether 
the fungus had been active during the night. The lengths of the periods 
of nightly conidiophore production in several typical cases of infected 
maize are presented in Table I. 

A series of such observations extending through the wet, dry, and 
transitional seasons brought out the following points. The length of 
time during which, nightly production of conidia may take place on maize 
depends primarily on the time normally required by the host to attain 
maturity, on the vigor of the individual attacked, and on its age when 
infected. In the case of maize varieties which mature most rapidly, such 
as the “ dwarf early" sweet and pop corns (60 to 70 days), or the Chinese 
or Mindanao waxy endosperm maize (70 days), the time over which 
nightly conidium formation may extend is relatively short, usually not 
over a month. In maize varieties, which mature more slowly, such as 
the several native flint types which are grown throughout the Philippines 
and other tropical places, the time is somewhat longer; while those large 
hardy, dent varieties and flint-dent crosses which require the longest 
time (3 to 4 months) to mature support the formation of conidia by the 
parasite for the longest period, for even more than 2 months. Apparently 
while the host is actively growing and developing, its internal condition 
is such as to favor both the growth of the parasite and the abundant pro¬ 
duction of the conidia; but when the host plant has matured, and its 
vitality begins to decline, its tissues apparently undergo chemical and 
physical changes which render them unfavorable for the further develop¬ 
ment and activity of the mildew. 

The vigor of the individual plant infected also affects the duration of 
conidium production. Weakling plants, which result from planting im¬ 
ported seed of foreign varieties unsuited and unacclimatized to Philippine 
conditions, succumb to the downy mildew in a comparatively short time; 
and conidium production by the parasite, although exceedingly abundant 
for a while, is soon brought to an end by the untimely death of the host. 
On the other hand, if strong, vigorous hardy plants are attacked they 
do not succumb but continue to support the persistent parasite even for 
as long as the lifetime of a healthy plant (PI. 5, B). In some plants, after 
many weeks of abundant nocturnal spore production, conidia were still 
found developing on the middle and still green part of the last or next to 
last leaf, although all the other leaves and even the tips of these sporulat- 
ing leaves themselves were drying and brown. 
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rucatan pop com, planted Dec. 3, 1918, up Dec. 10, matured Mar. 31, 1919: 

Of x6 plants showing Sc lerospora between Dec. 19 and 24, 14 died between Dec. 28 and Jan. 10, 2 survived into February, 
Of 23 do Dec. 25 and 31, 19 do 4 do. 

Of 3 do Jan. 1 and 4, o do 3 do. 
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Moreover, such early-infected plants are usually much more liable to 
the destructive attacks of such secondary parasites as Pythium, Fusarium, 
Helminthosporium, and bacteria. 

Occasionally the period of conidium production is prolonged by the 
abnormal growth of the diseased plant. In response to some stimulus 
exerted by the parasite, various parts of the host, especially the shank,, 
husks, ear, and tassel, may develop abnormally, the activity of the 
mycelium keeping pace with this unduly extended growth of the plant 
body. In one striking case of this sort, a plant of Guam maize (PL 5, B) 
which showed symptoms of infection after vigorous growth had well 
begun, supported nightly conidium production by the downy mildew 
from the time it was 17 days old during its subsequent development. 
After about 5 weeks, when a normal tassel had been produced, the very 
young ear began to develop; and, abnormally stimulated by the downy 
mildew mycelium which had invaded the bud as it formed, the shank 
grew excessively in length, forming a branch which was clothed with 
extensive leafy husks, almost equaled the main axis in length, and bore 
at its tip a small sterile ear. The remarkable growth of this abnormal 
ear branch occupied about 30 days. The branch was still green and 
vigorous long after the healthy plants nearby were dry, and about 14 
days after the upper part of the main axis had begun to wither. During 
all this time nightly conidium formation by the parasite was taking 
place from all parts of the excessively developed leafy husks of the 
abnormal branch, thus prolonging the period of conidium production 
by the infected plant over a total of more than nine weeks. Finally, 
about two. weeks after conidium formation was observed for the last 
time, the vitality of the branch declined and it gradually withered. 

The behavior of the downy mildew on its other hosts presents an 
interesting comparison' to that which is characteristic for maize. In the 
few sorghum plants that became infected, the period of conidium pro¬ 
duction was necessarily brief, as death occurred a few weeks after infec¬ 
tion. This was true also in the only cases of conidially infected sugar 
cane which were encountered (25). Moreover, on both these hosts the 
nocturnal conidium production during this brief period was far less 
extensive and abundant than in maize. In teosinte, on the contrary, 
the duration of conidiophore production is prolonged beyond that of 
maize, because of the constant renewal of young tissue suitable for spore 
production. As new shoots are sent out from the base of the infected 
plant (PL 6, A, C), or as new branches arise, the fungus mycelium of 
the main axis grows out into the freshly formed tissue, keeping pace in 
its development with the renewed growth of the plant, on which it 
produces additional conidiophores. In this way conidium production, 
although not so abundant on any one night as in maize of equal age, is 
prolonged and continues constantly and persistently for several months. 
This was also true in teosinte-maize hybrids, which showed extensive 
growth of numerous suckers and branches. In Miscanthus japonicus the 
period of conidium production was similarly prolonged. It is in Sac - 
charum spontaneum , however, that this prolongation is greatest. Infected 
plants kept under observation were still producing conidia on many newly 
formed shoots even after an uninterrupted period of over eight months 
(. 25 ). Moreover, conidium production was renewed on new shoots 
arising from the well-established rootstocks of infected plants even 
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after the plants either when young or when quite passe were cut back to 
the ground surface. Thus conidium formation by the parasite on 
Saccharum sponimieiim can be as persistently perennial as the grass itself. 

QUANTITY OF CONIDIUM PRODUCTION 

The number of conidia produced from a single maize plant infected 
with downy mildew even during one night is exceedingly great, while 
the total conidium production from such a plant throughout the entire 
season is appallingly vast. It is necessary to consider this matter further 
in order to appreciate the infectious menace to a maize-growing district 
which is embodied in even a single diseased plant. The amount of coni¬ 
dium production from any one plant during any one night depends on 
three factors: First, the extent on the host of the discolored area which 
is most heavily invaded with mycelium and especially active in conidio- 
phore production; second, the number of stomata in both surfaces of 
■ this area; and third, the proper environmental conditions to induce 
conidium formation. 

The number of conidia borne by a plant is directly proportional to the 
extent of the yellowed, whitened, or otherwise symptomatically dis¬ 
colored part of its surface. Although the hyphae of the parasite are to 
some extent found in and may give rise to conidiophores on the appar¬ 
ently unaffected parts of the host, it is from the discolored areas which 
have become etiolated through the destructive invasion of abundant 
mycelium of the fungus that the great mass of conidiophores emerges. 
The development and progressive increase in extent of this abundantly 
conidiophore-bearing surface has been studied both in inoculated plants 
grown under controlled conditions and in naturally infected plants in the 
field. The procedure is as follows: After the young plant is infected, 
there ensues a latent period of from a few days to more than two weeks, 
its length, being directly proportional to the age of the plant when in¬ 
oculated. The mycelium spreads throughout the plant tissues and con¬ 
centrates especially in those areas of the leaves and leaf sheaths which 
begin to show symptomatic etiolation. The production of conidiophores 
on the whitened areas then commences. At first the conidiophores appear 
scatteringly (PL 1, A; 4, A, B), but production gradually increases during 
subsequent nights until the affected areas are covered with a dense down 
of conidiophores (PL 4, C, D). In proportion as new leaves unroll from 
the bud, and as the leaves, which were already partly developed when 
conidium production began, continue to elongate by intercalary growth, 
the conidiophore-bearing surface is constantly augmented (PL 1, C). 
Finally, when all the leaves are fully developed, the production of conidio¬ 
phores reaches its maximum. Even then, in badly infected cases, this 
production may be still further increased by the formation of conidia 
from the tassel, from the husks, which are often abnormally developed 
(PI. 5, B), and from the peculiar bractlike structures which frequently 
form in abnormal tassels (PL 5, A) or around abortive ears. Thus the 
conidiophore-bearing surface, which may be established when the infected 
plant is only about a week old, and which at first may be only a few 
square centimeters in extent (PL 2, A; 3, A), gradually increases in area 
(PL 2, B; 3, B) until it attains its maximum of some two or three thou¬ 
sand square centimeters; and then, decreasing in extent as successive 
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leaves of the maturing host wither, it finally ceases to support conidium 
production after months of activity. The extent of the discolored coni- 
dium-bearing areas on plants of various ages has been determined for 
the different maize types most common in the Philippines. The least 
area is found in the case of such small, rapidly maturing varieties as 
Manobo and Davao Waxy Maize and the dwarf native flints. The maxi¬ 
mum area occurs in such large, slowly maturing types as introduced 
American dent varieties or those strains, such as ‘‘Mora*’ White, devel¬ 
oped from dent-flint crosses. Between these two extremes lie the interme¬ 
diate areas which are typical of the medium-sized, moderately rapidly 
maturing yellow and white flint types that are so commonly grown 
throughout the islands. 

In order to gain an idea of the extent of the conidium-produeing areas 
of diseased plants under the usual field conditions, measurements were 
made of characteristically infected specimens both of the common 
native-grown maize and of the introduced types under cultivation at the 
college. Some of these measurements are shown in Table II. In 
obtaining these data the following method was used: Leaves bearing 
conidiophore-producing areas were carefully removed from infected 
plants and pinned down to large sheets of paper upon which the outline 
of the whitened areas was carefully traced through the tissue of the leaf 
with a sharp stylus. The space inclosed within these tracings was then 
computed by means of a polar planimeter. Only portions which were 
found by actual observations to be producing conidiophores were 
included. In the specimens tabulated, therefore, the measurements 
give a fair idea of the amount of surface on which conidiophores were 
borne. The extent and general configuration of this surface on the 
successive leaves of two of the plants included in Table II are shown in 
Figure 1. 

To the second factor, the number of stomata in the conidium-bearing 
surface, the quantity of conidia produced is also directly proportional. 
In no case were conidiophores developed except from the stomata, and 
in the manner already described. The stomatal frequencies recorded by 
Bekersoxi (<?), Duggar (7), Kiesselbach (15), and others show a wide 
range of variation not only between different individuals or varieties 
under similar or diverse environmental conditions but also between 
different parts of the same plant. In the present instance, therefore, 
no extensive counts were made, but enough material was examined to 
determine that in the principal types of infected maize studied in the 
Philippines the stomatal frequencies fall easily within this range. In 
such varieties as Manobo Waxy, the number agreed closely with Kiessel- 
bach’s counts for Chinese Waxy; while in the large flint-dent crosses, 
such as Moro White, the number closely approximated his counts for 
various dent types. In general, it was found that his averages of 77 and 
93 per square mm. of upper and lower surface were sufficiently con¬ 
servative to serve as fair mean values for calculation in the Philippine 
maize varieties studied. 
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The third factor, environmental conditions favorable for conidinm 
formation, bears on the quantity of conidia produced as follows; Under 
the usual field conditions, when the infected plants have begun to show 
the characteristically discolored areas, and these have begun to bear 
conidia, the number borne is at first comparatively small, as the coni- 
diophores are few and scattered. As time goes on, however, and conidio- 
phore production is induced night after night successively, production 
rapidly increases until on the area already established it attains its maxi¬ 
mum density. This maximum density under such favorable environ¬ 
mental circumstances may occur even before this area has reached its 
maximum size. On the contrary, if such a plant has been exposed to 
conditions preventing conidiophore production, the area, even though 
long established, will not produce large numbers of conidiophores until 
favorable conditions have prevailed for so long a time that conidiuin 
production has been enabled to build itself up to the maximum. 

It is apparent, therefore, that a plant to produce a maximum quantity 
of conidiophores must have: First, a large eonidiophore-bearing surface; 
second, a large number of stomata per unit of this surface; and third, 
continued favorable conditions which permit conidiophore production 
to increase night after night to its maximum. These requirements are 
fulfilled in such typically Philippine varieties as More White, Native 
Yellow, and Cebu White, or in the even larger introduced dent and flint 
types.' After studying conidiophore production on such varieties at 
night, and finding plant after plant with the greater part of its leaf 
surface white with a felt of densely grouped conidiophores (PL 4, C, D), 
and after seeing the thousands of spores which fill even a minute droplet 
scraped from the surface of such a leaf, one is impressed by the vast 
production of conidia which goes on. To get a more definite conception 
of this vast production the writer made approximate estimates of the 
number of conidia formed on typical plants. These estimates were calcu¬ 
lated as follows: The total surface bearing conidiophores was multiplied 
by the number of bearing stomata in a unit of surface, and this result by 
the average number of conidiophores from each stoma, and this in turn 
by the average number of conidia per conidiophore. For the eonidiophore- 
bearing surfaces the measurements recorded in Table II were used. For 
the number of stomata the averages of Kiesselbach were employed, but as 
microscopic examination showed that usually only about one-half the 
stomata actually bore conidiophores the averages, 77 above and 93 below 
per square millimeter of surface, were reduced accordingly. The number 
of conidiophores bearing conidia at each stoma when examined at different 
times during the night was found to vary from one to four, with two as a 
conservative average. From the number of club-shaped initials in various 
stages of growth at each stoma the number of conidiophores successively 
developed per stoma during the nightly cycle was approximately esti¬ 
mated as six or three successive “crops” of two each. The number of 
conidia on the conidiophores, although very variable, most commonly 
ranges from 32 to 48; 40, therefore, was selected as a fair average. The 
results of the calculations are shown in Table IH, 

These figures may serve to give a clearer idea of the amount of conidinm 
production on a diseased plant than can be obtained merely from descrip¬ 
tion. They are, of course, only approximate; but' they are extremely 
conservative, and purposely have been made to underestimate rather than, 
overestimate the number. Obviously#a single diseased plant, even 'a 
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small one and one of relatively low spore production, is able to develop 
dangerously large quantities of conidia each night; while a large plant 
with maximum spore formation in its nocturnal cycle liberates a startingly 
vast number of conidia. From extensive, badly infested maize fields in 
■which 50, 70, or even more than 80 per cent of the plants are heavily 
conidiophore-bearing, an incredibly large number of conidia is produced. 
Moreover, it should not be forgotten that this production continues night 
after night for months, thus achieving a total output of conidia that is 
almost unbelievable. With the magnitude of this spore production in 
mind it is easy to understand the rapid spread of the downy mildew under 
Philippine conditions from even small isolated centers of infection, and 
to appreciate the menace to the whole maize-growing countryside which 
one infected field or even one single badly diseased plant may represent. 


Table III .—Calculation of approximate number of conidia liberated from the conidio ■ 
phore-hearing surfaces of representative maize plants during one night 
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DISPERSAL OF CONIDIA 

When the conidia are being produced their distribution, and the result¬ 
ing spread of the downy mildew, is accomplished primarily by wind, to a 
less extent by splashing or wind-blown rain, and to a still less extent by 
surface water. Obviously, distribution of effective, germinable conidia 
can take place only at night or possibly, under unusually favorable con¬ 
ditions, until a little after dawn, because the conidia can not survive 
drying. Obviously, also, any conditions restricting or favoring conidium 
production in like manner directly affect their dispersal. 

DISPERSAL by WIND 

The two Philippine Sclerosporas of maize are admirably adapted to 
distribution by wind as their conidia are produced in vast numbers and 
are sufficiently small so that they may be readily carried in the air. The 
great number of conidia produced has already been considered. The 
size of the individual conidium^ although far larger than that which 
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characterizes the breeze-borne basidiospores of the Hymenomycetes and 
slightly larger than that of the wind-carried oidia of the oak mildew, is 
relatively small, being far less than that of the air-distributed spores of 
bycopodium, or of the pollen of anemophilous conifers and grasses. 
From its dimensions the volume of an average Sclerospora conidium may 
be calculated roughly as follows: If the spore is regarded as consisting of 
a cylindrical main portion with hemispherical ends, as is diagrammati- 
cally shown in figure 2, the total volume in cubic p will equal the volume 
of this cylinder plus that of the two hemispheres. In Sclerospora philips 
pinensis , the most commonly encountered length is 33 to 35 p (34 p), 
the most frequent diameter 17 to 19 p (1 8 p); while the greatest length 
is 52 p } and the greatest diameter 24 p. On the basis of these measure¬ 
ments we may calculate the most commonly encountered volume as 
7,125.15 cu. p (0.000,000,007,125 cc.), while the greatest volume is sim¬ 
ilarly found to be 19,905.18 cu. p (0.000,000,019,905 cc.). In like man¬ 
ner, in S . spontanea , the most commonly encountered length is 42 p and 
the diameter is 16 p 3 while the greatest length is 64 p and the greatest 
diameter 20 p } giving a most common volume of 7,372,29 cu. p (0.000,000,- 
007,372 cc.), and a greatest volume of 18,011.84 
cu. p (0.000,000,018,011 cc,). 

The specific gravity of the conidia was not 
determined. It was observed, however, that 
the spores, although they occasionally float, 
usually sink very gradually in a water mount. 

It may probably be assumed without serious 
error that their specific gravity is little if any 
greater than that of the heaviest Hymenomy- 
cete spores (Coprinus plicatilis, 1.43) studied by 
Bullet (2). Their weight, therefore, is rela¬ 
tively very small. 

The rate of fall of the Sclerospora conidia 
was not determined. The fall of these conidia, 
because of their larger size, would undoubtedly be faster than the ve¬ 
locity of 0.429 cm. a second, found by Bullet for Coprinus; but it would 
not, in all probability, exceed markedly the 1.76 cm. a second deter¬ 
mined by Zeleny and McKeehan (26) for Lycopodium spores which 
have a specific gravity of 1.175 and a diameter of 31.6 p. Furthermore, 
because Bullet found that the elongate spores of Polypoms sqtmtmsus 
when falling soon assumed a position with the long axis horizontal and 
thus were retarded by the increased air resistance, it is probable that the 
similarly shaped Sclerospora conidia, even though larger, behave in like 
manner. In any case it seems justifiable to assume that the rate of 
fall of the conidia is sufficiently slow to facilitate their being carried by 
breezes of even slight strength. Judging from the foregoing, conidia, 
even in absolutely still air, when shed from the upper leaves of. maize 
plants at a height of 1.76 meters would require nearly three minutes (176 
seconds) to reach the ground, and that from a height of 3*52 meters, 
which is not infrequently attained by comdiophore-bearing tassels and 
topmost leaves of large maize varieties, the conidia would take but little 
less than six minutes to complete their fall. 

Moreover, 'Schmidt (21) shows that widespread' distribution of a large 
proportion of liberated spores is accomplished by winds of low velocity. 
He calculates that Lycopodium spores yhich have a rate of fall of 1.76 
cm. a second, when liberated in a wind blowing 36 kilometers (22.5 miles) 
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Fig. . 2.—-Diagrams representing 
Sderospora sftmfanm conidia of 
the most common and of the 
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an hour possess an average limit of distribution of 330 kilometers (206.25 
miles). Similarly even in the case of Firms syhestris pollen, which has 
as great a diameter as 48 ju, and as rapid a fall as 5.3 cm. a second, he 
computes that as many as four-tenths of the number originally shed 
would be carried 4 kilometers by a wind of 36 kilometers an hour; while 
two-tenths would reach 13 kilometers; one-tenth would reach 20 kilo¬ 
meters; and one-hundredth would reach 36 kilometers. The work of 
Hesselman (12) shows that these calculations represent the conditions 
attained in nature. He found that conifer pollen grains 30 to 60 /z in 
diameter were deposited in relatively vast numbers in dishes on light 
ships 30 kilometers (18.6 miles) and 55 kilometers (34 miles) from land; 
while pollen of grasses also, in spite of being liberated in far less abund¬ 
ance, nearer the earth, and unequipped with appendages for buoyancy, 
was caught in considerable quantities. 

It seems justifiable to conclude from the foregoing evidence that the 
conidia of Sclerospora also are easily and effectively distributed by 
air currents. The writer’s observations also bear this out. Small, 
infected maize plants, known to be producing abundantly, were covered 
at dusk with large cans or bell jars the edges of which were pressed 
into the earth and sealed with clay. The nocturnal fall of innumerable 
conidia then took place undisturbed except by such slight convection 
currents as were operative within the can. As a result Petri dishes 
placed on the ground under the plant, or, even the ground itself, showed 
a heavy deposit of spores which in some cases was sufficient to whiten 
the earth conspicuously. When, however, the plants were left exposed 
to the wind, no such abundant spore deposit was found under them 
even after apparently calm nights; and after nights with gusty winds 
almost all the conidia were carried away, few, if any, being caught in 
the exposed Petri dishes under the plant. Further observations and 
experiments concerning the distribution of conidia by winds of different 
velocities will be given in the following sections. 

The dispersal of the conidia by wind is of three main types; first, 
by very slight local air currents; second, by more general breezes of 
greater strength; and third, by violent and extensive typhoons. 

BY SLIGHT AIR CURRENTS 

The slight air currents, although very gentle and necessarily restricted 
in extent, are very important, because of their invariable occurrence, 
in distributing the conidia locally. Even during nights when the air 
is apparently absolutely still, careful scrutiny will show that here and 
there a com leaf is moving slightly in air currents otherwise imper¬ 
ceptible. These nightly driftings of the air are necessarily confined to 
restricted areas and are influenced in direction and extent by very local 
conditions. At the College of Agriculture of the Philippines where, for 
the most part, the dispersal of conidia was studied, the influence of 
Mount Makiling was the most noticeable factor. By this heavily for¬ 
ested mountain, which rises to a height of over 3,300 feet, the air is 
cooled at night and flows down the slopes to the plain. The presence 
and direction of this air flow were determined under varying night 
conditions by repeatedly observing the course and velocity of buoyant 
seeds, such as those of Ceiba or Saccharum, which were thrown into 
the air and followed by the beam of an electric torch. Field observa- 
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titans showed that the spread of the downy mildew in the corn plantings 
closely followed this air flow in direction and extent. Plots containing 
recently germinated and extremely susceptible maize seedlings developed 
few if any cases of the downy mildew when located toward the mountain 
to windward of actively infective plants. Similar plots, however, situ¬ 
ated away from the mountain to the leeward of the same actively in¬ 
fective plants and in the direct path of the stream of conidia home on 
the nightly air currents from them developed a very high percentage 
of downy mildew cases. 

In larger fields it was possible also to demonstrate that the spread of 
the downy mildew closely followed the direction and extent of the nightly 
air currents. When, after carefully removing any actively infective 
plants so situated as to be dangerous to such a field, a single conidium- 
producing plant was transplanted to the center of it, that portion of the 
field located to windward of the diseased plant remained free from disease 
except in the very immediate vicinity of the plant itself. In the leeward 
part of the field, however, as the young com developed, there subsequently 
appeared numerous cases of downy mildew. These w r ere especially 
frequent along the fan-shaped path of the conidia which were carried 
by the nightly air currents from the centrally placed diseased plant 
and were increasingly numerous the nearer one approached the source of 
infection. Although, as has been mentioned, the general trend of these 
nightly air currents was down from the mountain*, it was found by experi¬ 
menting that their extent and direction were greatly influenced by local 
conditions. Such topographical features as w r ooded ridges, hills, deep 
gullies or brook beds, and small bodies of water had a marked effect; 
while buildings, thick woods, and dense growths of tall cogonal grasses 
often served also to obstruct or deflect the air currents. Even trees, 
bamboo or banana clumps, and small plots of sugar cane, sorghum, or 
cassava were found to disturb the nightly air currents by causing little 
eddies and local circulations of air. 

Petri plates containing a thin film of clear 1 per cent agar were employed 
to gain a more exact idea of the direction and extent of comdium dis¬ 
persal by these nightly air currents. On an apparently still night such 
plates were exposed during the period of maximum conidium formation 
at various distances around a single diseased plant which was producing 
abundant conidia. All other actively infective plants in the vicinity 
having been removed, careful record was made both of the position of the 
plates and of the direction of the prevailing air currents in relation to the 
diseased plant. At dawn the plates were carefully examined under the 
microscope and the presence and number of conidia noted. Very few 
spores were found in plates situated to windward of the infective plant, 
and only in those which had been very near it (within 3 or 4 feet). ^ To 
the leeward of the infective plant, however, and directly in the path of 
spore distribution especially, large numbers of conidia were caught. 
These were most numerous in plates near the plant and proportionately 
less abundant in those at greater distances. Plates within 8 or 10 feet 
were liberally showered; those 20 and 30 feet distant showed many 
conidia; while those situated 50, 60, and in one case, even ;8o feet away 
still caught a few. As the Petri dishes were of small size (10 cm. diameter) 
it was to be expected that at greater distances the conidia would be so 
scattered as to reduce to the minimum the chances of their being cap¬ 
tured. It should be noted that the e#nidia whether caught at 8 or 
80 feet germinated vigorously on the moist agar surface. 
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BY BREEZES OB GREATER STRENGTH 

Dispersal of conidia is accomplished also by breezes and night winds 
of moderate strength. By these the conidia are carried more rapidly 
and to a far greater distance than by the gentle, almost imperceptible 
air currents just considered. At the College of Agriculture at Los Banos 
stronger winds and breezes play a lesser part in the total conidium distri¬ 
bution than does the nightly air drift, because they are relatively infre¬ 
quent, and often occur when storms are in the vicinity and when the sky ' 
is cloudy so that no conidia are produced. Occasionally, however, 
gusts of brief duration but of considerable strength were noticed during 
nights when abundant spore production was taking place. These were 
most noticeable just before dawn. Spore dispersal is most effectively 
accomplished when the breeze comes in such occasional intermittent 
puffs, as when constant it tends to dry the dew from leaf surfaces and 
thus kill the conidiophores that are being produced. 

In certain localities, where conditions are more favorable, stronger 
breezes occur with great regularity when conidia are being formed. In 
regions near the coast the on-shore breeze dies down after sunset; and 
as the earth cools, an off-shore breeze springs up, starting at a consider¬ 
able distance inland, and blowing toward the sea. This was particu¬ 
larly' noticed in the vicinity of Lingayen Gulf, Pangasinan Province, 
where a distinct off-shore breeze was found to prevail at night, sweeping 
from far inland over the maize fields toward the shore. In extensive 
fiat plains also, noticeable breezes arise at night and sweep over consider¬ 
able areas even on nights when sufficient dew formation takes place to 
insure the abundant formation of conidia. This was found to be the case 
in the broad plain which runs from Batangas and Balayan Bays north¬ 
west through Batangas and Laguna Provinces to the Lake of Bay. 
Throughout this plain where com occupies about 31,000 acres, a large 
proportion of the cultivated land, and where the downy mildew is exceed¬ 
ingly destructive, such breezes were found to be a very important factor 
in the ■ distribution of the downy mildew. Observations were made at 
Taal in the midregion of this plain, at Calamba, near the northern limit, 
and at Batangas on the southern coast; and in each place marked breezes 
were noted on nights when conidium production was occurring. * At 
Batangas the off-shore breeze to the bay also influenced the spore dispersal, 
while at Taal and Calamba the effect of the presence of the lakes was 
noticeable. 

BY VIOLENT GALES 

Dispersal of conidia is accomplished by night winds of high velocity 
and great strength, such as those occurring during severe tropical storms. 
At first it seemed doubtful to the writer if conidium production could 
take place under such conditions even though leaves were moist. Ac¬ 
cordingly, plants known to be producing abundant conidia on normal 
dewy nights were observed at night during storms of vaiyin degrees of 
violence. These observations showed that, on the whole, conditions 
which prevailed during such storms were unfavorable to conidium for¬ 
mation. Frequently the torrents of driving rain and the terrific gusts 
of wind lashed the leaves about so violently, or even beat down the whole 
plant so completely into the mud, that the delicate conidiophores were 
prevented from developing. During less violent storms, the rain, 
although sufficiently gentle in ifself to permit conidium formation, was 
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frequently intermittent and alternated with gusts of wind which blew the 
water from the leaves and dried the developing conidiophores sufficiently 
to kill them. None the less eonidium production could and did take place 
during these tropical storms despite their unfavorable violence. In all 
but the most destructive typhoons at least a few plants in each plot were 
sufficiently sheltered from mechanical injury so that their leaf sheaths, 
the under sides of midribs at the base of the leaves, or other protected 
parts, permitted the production of considerable numbers of conidia. 
In some cases eonidium formation actually took place on the inner sur¬ 
face of leaf sheaths (PL 4, E), husks, or bracts which were so situated 
that they shed direct beating rain. Moreover, the storms frequently 
began with a cold rain which fell steadily for from one to about three 
days, and the wind, when it arrived, came first in intermittent gusts 
before increasing to its full strength. Under these conditions conidia 
were produced in abundance on large numbers of plants and for several 
hours were given ample opportunity to be distributed by the wind before 
its,violence was sufficient to injure the developing conidiophores. 

As a concrete example of eonidium production under unfavorable 
storm conditions observations made in the typhoon of December 25 and 
26, 1918, are of interest. This storm was an unseasonable one, occurring 
at the beginning of the dry season, and preceded as well as followed by 
calm, dry weather. It was also a violent one. During December 25 and 
26 the rainfall was 59 mm. and the wind, by anemometer, blew 262.8 
miles, while during the rest of the month the rainfall averaged 1.17 mm. 
and the wind 62.2 miles, a day. Cloudy, sultry, threatening weather 
immediately preceded the storm which began in the afternoon of 
December 25 with occasional gusts of wind and squalls of rain. The 
temperature, which during the hottest part of the day, had reached 82° 
F., decreased rapidly, dropping after sunset to 70°. The plants under 
observation were well covered with moisture despite the increasing 
violence of the storm. By 11 o’clock that night the rain fell heavily and 
almost continually, while the wind was violent but intermittent. From 
t to 2.30 a.m., December 26, the storm raged at its height with rain and 
wind of such terrific force that examination of the plants was imprac¬ 
ticable. After this, however, a gradual decrease was apparent, and b] 
4 a.m. the rain and wind had lessened, although violent squalls occurred 
from time to time. The maize plots were then examined. Many plants, 
both healthy and diseased, had been blown flat and beaten into the wet 
earth. However, several heavily infected plants which had been under 
observation showed conidiophore production in abundance on the better 
protected parts of their leaves and sheaths. Microscopic examination 
showed many conidiophores which had already discharged their conidia, 
hence production had probably been going on for about two hours and 
even during the worst of the storm. Formation of conidia continued 
until about 6 a.m. when it was checked as the plants began to dry. 
During this time the wind continued to blow in gusts favorable for spore 
dispersal. By afternoon the storm had disappeared. 

It was, of course, impracticable to determine the precise amount or 
extent of dispersal, of conidia during storms by any such direct means as 
Petri dishes. Observations in the field, however, showed repeatedly that 
in regions where the disease had been spreading slowly on. the slight 
nightly air currents,' a sudden scattering of the disease appeared, after 
the normal incubation period following the storm, for several miles along 
the track of the typhoon. 
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Wind, in so far as the miter was able to determine, is the most im¬ 
portant factor in scattering the conidia of the Philippine maize mildews. 
In the other cereal downy mildews of the Orient various methods of 
conidium dispersal have been emphasized by previous investigators. 
Unfortunately, Butler’s (5) discussion of the downy mildew of maize in 
India does not consider this point. With regard to the Sclerospora of 
com and sugar cane in Formosa, Miyake (15) states that he obtained no 
direct experimental' data on the methods of spread of the conidia in the 
field because he could not collect spores with germinating power. From 
field observations, however, he concludes that the spores are distributed 
by wind, by rain, and by irrigation water; but he regards the distribution 
of diseased cuttings of cane as the most dangerous and effective method 
of spread. In the case of the Javan maize mildew, Rutgers (20) disre¬ 
gards the matter of conidium dispersal and considers it doubtful if 
infection by conidia occurs normally in the field in spite of the fact that 
Raciborski (19) had secured infection with conidia and had concluded 
that they undoubtedly were spread by the wind. Palm (16), however, 
rightly infers from field observations that the disease spreads by the 
wind dispersal of conidia, and he fully appreciates the importance of 
this method. It should be noted, however, that his experimental evidence 
(the finding of conidia in Petri dishes exposed in the path of the wind 10 
to 50 meters from a 60 per cent infected field) is valueless. As these plates 
were exposed during the day and “ Het weer was zonnig en droog,” the 
conidia caught were undoubtedly the dried remainder from a previous 
night's crop, quite dead, and quite incapable of germination or infection. 
By his experiments “the presence of the conidia in the air was shown" 
as he says (in ■translation), but as these conidia were incapable of germi¬ 
nation their presence in the air gave no proof of their ability, wind-borne 
through they were, to spread infection. It would be analogous to.reason 
that certain species of grasses are distributed by ocean currents because 
the seed, although killed by immersion in salt water, are carried long 
distances in the sea. 


SPLASH DISPERSAL 

Dispersal of the conidia is also accomplished by splashing. On dewy 
nights this is constantly taking place as the large drops of accumulating 
dew drip from the upper leaves, strike the conidiophore-bearing surfaces 
of the leaves below and splash off, earning innumerable conidia to 
neighboring plants. Droplets thus splashed off, when caught on sheets 
of glass and examined with the microscope, were found to contain large 
numbers of conidia which germinated vigorously in dew or on agar. 
Although the spreading of infection undoubtedly occurs in this direct 
way, it is of comparatively limited extent and involves only plants in 
the immediate vicinity. During rains,.however, provided conidium pro¬ 
duction is taking place, the conidia are splashed far greater distances; 
and, when the splashed-off droplets, are carried by the wind, whether 
by the gentle air currents of still dewy nights or by the gales of violent 
tropical storms, the distance of dispersal is greatly and correspond¬ 
ingly increased. 

The distance over which such droplets "are spread either by simple 
splashing after falling from various heights and upon different kinds of 
surfaces or by spattering into and being carried away by air currents 
of various strengths has been studied very thoroughly by Faulwetter (10). 
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From Ms Investigations it seems safe to assume that In the downy mil¬ 
dews of maize splash distribution would be accomplished as follows; 
Drops of dew dripping upon moist spore-bearing leaf surface only 12 
Inches below would scatter droplets full of conidia over an area 20 to 
32 inches In diameter. Raindrops falling from a height of only 16 feet 
upon such leaf surfaces 4 feet above ground would spatter droplets 
containing conidia for a distance of .3 feet 2 Inches if the leaf was level 
or as much as 5K feet if the leaf surface inclined 30°. Droplets spat¬ 
tered thus from a leaf 4 feet above the ground would be carried as much 
as 18 feet by a wind blowing 10 miles an hour and proportionately 
farther by winds of greater velocity. Also conidium-containing droplets 
would be relayed on from plant to plant by splashing and by wind through¬ 
out the duration of a storm. Paul'wetter (9) demonstrated that spat¬ 
tering and wind-blown rain were important factors in the dissemination 
of the angular leafspot of cotton. The writer, from a study of the 
maize downy mildews of the Philippines, is convinced that these factors 
are operative in their distribution also. 

The two methods thus far considered—namely, wind distribution and 
splash distribution acting either separately or together—are the main 
instruments in achieving dispersal of conidia of the maize downy mil¬ 
dews under Philippine conditions. 

DISPERSAL BY AGENTS OF MINOR IMPORTANCE 

Surface water apparently accomplishes conidium dispersal to some 
extent by washing the conidia which fall in it into contact with young 
seedlings which are temporarily submerged. Although this was not 
shown to take place by direct experiment, nevertheless there is consid¬ 
erable evidence of Infection occurring in. this manner. When glass 
dishes containing brook water and rain water were exposed at nights 
under plants producing large numbers of conidiophores, great quantities 
of conidia were' caught. Some of these floated while others sank, but 
all germinated vigorously. When these dishes were exposed to the 
* sun the conidia were soon killed, probably by the rapid increase in the 
temperature of the water. When the dishes were protected from the 
sun, however, the conidia retained their vitality and continued to ger¬ 
minate and grow until some hours after dawn. Young, susceptible 
•plants, Inoculated with a concentrated suspension of living conidia from 
these dishes, soon developed the disease. Moreover, In the field It was 
frequently noticed that during the rainy season low-lying plots often 
became submerged under a few Inches of standing surface water at a 
time when the maize had just germinated and the young seedlings were 
In their most susceptible stage. Extremely heavy infection generally 
resulted In these inundated areas, the remainder of the field being much 
less affected. This was also observed by Baker (1) who wrote: 

In one interesting case, a part of a field had been subjected to wash during a heavy 
storm just after planting. On this area every plant was taken by the mildew, while 
in the remainder of the field not a half dozen died. 

Insects also contribute somewhat in conidium dispersal. While 
diseased corn plants were being examined at night, insects were often 
seen crawling about on the conidium-bearing leaves and passing indis¬ 
criminately from plant to plant. In spite of the fact that many insects 
are not active' at night and that even the, nocturnal ones are kept away 
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to some extent by the moisture on the dew-covered plants, none the 
less a considerable number were collected on maize during conidium 
production. These included such diverse forms as several types of 
leaf-eating larvae, many kinds of ants, and a variety of grasshoppers, 
leafhoppers, Phryganids, Hemiptera, and Coleoptera. On examination 
it was found that the appendages and bodies of these insects often had 
adhering to them large numbers of conidia which germinated readily 
when placed in dew or on agar. Moreover, in the leaf-eating larvae 
such as Plosia sp., the intestine and even the excrement showed conidia, 
some of which proved capable of germination when tested. Since the 
carrying of conidia by insects is apparently of very little importance in 
comparison to other methods of distribution, no attempt was made to 
secure further experimental data on frequency of inoculation or distance 
of spread. It seems clear, however, that occasional infection may occur 
in this way. 

Moist soil with conidia adhering probably serves infrequently as a 
contributory means toward securing distribution of the downy mildew 
by other agencies. The damp earth under the low-hanging leaves of 
small, heavily infected plants occasionally, after still nights, was seen 
to be whitened with innumerable conidia. Examination showed that 
these retained their vitality and germinability on the soil until dried 
by the early sun, while such conidia as were lodged in protecting crannies 
lived even longer. Moreover, the infection of germinating maize seeds 
that had not yet emerged from sterile sand w T as easily accomplished 
by using bits of this conidium-laden soil as inoculum. The seeds were 
uncovered, bits of infective soil were placed on their plumules, the 
sterile sand was replaced, and the pots were protected from further 
infection. The resulting seedlings were heavily diseased. Undoubtedly 
seedlings when emerging or just at the surface of the soil are occasionally 
infected in a somewhat similar fashion in the field. It is probable, also, 
that such conidium-laden soil is at times splashed about and causes the 
infection of adjacent maize plants quite as the sporangia of Pythiacystis 
were found by Smith {23) to reach and inoculate low-hanging lemons 
in bits of spattered earth. Furthermore, it is possible that infective 
soil could be carried to susceptible young plants by animals, or implements 
or men. In practice, however, such obstacles as, first, the necessity 
that the infective soil should be transported before or shortly after 
dawn, and, second, the necessity that it should reach the susceptible 
protected parts of the host, would probably prevent this method of dis¬ 
tribution and infection from operating in any save rare instances. 

DISSEMINATION OF THE PHILIPPINE SCLEROSPORAS 

The foregoing discussion of conidium production and dispersal logically 
leads us to consider the broader subject of the dissemination of the 
Philippine Sclerosporas. The dissemination of such fungi may be con¬ 
veniently divided, as Butler (4) has shown, into two general types; 
first, discontinuous over comparatively limited areas by means of a 
succession of short jumps; second, continuous over large extents of land 
or,water without interruption. Spread of these diseases in the Philip¬ 
pines comprises both types. It is chiefly local and discontinuous, involving 
short successive steps from field to field and region to region. To a 
limited extent it is also continuous, involving longer unbroken jumps 
from island to island over intervening seas. Spread of these diseases to 
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such distant maize-growing countries as the United States, however, 
must necessarily foe continuous. 

The Philippine Sderosporas can be disseminated in three different 
stages in their development, as mycelium, as resting spores (oospores 
with adherent oospore wall), and as conidia. Each of these demands 
consideration in its relation to the various phases of local and of distant 
spread in the Philippines or to remote countries. 

DISSEMINATION BY MEANS OF MYCELIUM 

Mycelium, from its very nature can not foe distributed by itself but 
must be carried with some part of the plant such as cuttings or seed. 
Infected cuttings do not, of course, enter into the problem as far as maize 
is concerned, but in the case of sugar cane and of the wild grass, Saccharum 
spontaneum , the Sderosporas are spread to a limited extent by this means. 
At Bon toe in the Mountain Province the writer found in January, 1920, that 
almost all the numerous small patches of cane grown in and around the 
Igorote villages were heavily infected with an oogonial Sclerospora; and 
there was strong evidence that the indiscriminate use of infected cuttings 
had, at least in part, been responsible for its spread. This cane, however, 
probably because it is a thin, hard-stemmed, purple variety with a rather 
low yield, had not been distributed widely; and as far as the writer was 
able to determine the disease is restricted to the one locality. Introduc¬ 
tion of this cane into the sugar-producing regions of Calamba, Pampanga, 
or Negros would be extremely dangerous. Except at Bontoc no instances 
of distribution of Sclerospora by mycelium in sugar cane were noted in the 
Philippines. The only other case of Sclerosporal infection of sugar cane 
seen by the writer was a single plant attacked by the conidia! form, 
Sclerospora spontanea (25), and so weakened and stunted as to be useless 
for cuttings. It should be noted, however, that distribution of the Sclero- 
sporas by this means is greatly to be feared, especially by remote countries. 
It was through the importation of cuttings infected by the mycelium of 
Sclerospora sacchari that this destructive disease w r as introduced into 
Formosa from Australia (15). 4 

In the case of the wild grass, Saccharum spontaneum, also, spread of 
Sclerospora is accomplished to some extent by infected cuttings. In 
certain provinces, especially Laguna and Pangasinan, it is a common 
practice to plant this grass by means of cuttings, as a binder along the 
newly made retaining walls between rice paddies. In those provinces 
the oogonial Sclerospora which has previously been mentioned (25) is 
very prevalent on the grass, and as the farmers, ignorant of the true 
nature of the disease, make no effort to select healthy stems, the mildew 
is frequently transplanted in the cuttings. As a result, in the newly 
grown grass borders of these fields the writer commonly encountered 
extensive Infections which in location, age, and other characters gave 
clear evidence of arising from infected cuttings. Experimental plant¬ 
ings, using diseased stalks, developed similar extensive infections. In 
the case of plants of this grass parasitized by the conidia! Sclerospora 
spontanea the writer also found experimentally that cuttings.could carry 
the disease, but no /instances of such transmission of the conidia! stage 
were observed in the; field. 

4 Since tiiis was written the. writer lias learned from Mr. H. A. Lee,:«j| fee. Ftiilippirie' Bureau ©f Sdaacti, 
feat Sd&rmpam smekwi ha® recently t»een introduced into fee' PliiEppfeeS ferns, Formosa In cuttings whose 
isrfecticai remained, msddtected through inspection in Fonadfa and Manila and pmiisted.'mmiured tJtough 
precautionary dipping for Bordeaux mixture. 
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Mycelium-infested seed, in contrast to cuttings, apparently plays no 
part in the distribution of Philippine maize mildews. Although in maize 
the writer (24) has found Sclerospora mycelium in the seed coats and even 
invading the endosperm, a series of experimental plantings of such seed 
in all stages of development, and even with the diseased cob still 
attached, gave rise to no mildewed plants. Similar plantings of such 
seed from infected plants of teosinte (Euchlaena luxurious Schrad.), 
teosinte-maize hybrids, and Saccharum spontaneum gave like negative 
results. In the Javan maize Sclerospora, Palm (16), after careful 
histologic study and extensive plantings, found the same to be true. 
These facts are of interest, as it has long been assumed that seed- 
borne mycelium is a means by which Sclerospora is distributed. This 
assumption has been based on investigations carried out on Sclerospora 
macrospora Sacc. in which the oogonial phase alone is known, and on 
S. graminicola , in which the conidial stage is rare and the oogonial 
.preponderates. It should be noted that in the cases recorded infection 
might well have arisen, not from seed-borne mycelium but from oospores 
which in both species are produced in vast numbers and were undoubtedly 
adhering to or present in the coats of the seed used. This explanation 
would apply to Peglion’s observation (17) that grain from wheat heads 
infected with S. macrospora and showing mycelium in the outer coats 
produced, when germinated, abnormal seedlings with mycelium in their 
tissues. It would also apply to the case described by Massee (14) of an 
outbreak of Sclerospora in England on sugar-cane grown from seed from 
France, a case that is particularly interesting not only because it 
presents evidence for seed transmission, but also because the resulting 
downy mildew was 5. graminicola , a species as yet unrecorded on cane. 

DISSEMINATION BY MEANS OF OOSPORES 

When the distribution of the Philippine Sclerosporas by oospores is 
considered it is impossible to state how much or how little is accom¬ 
plished by these bodies, since unfortunately the exact role which they 
play is not at present understood. That they must be functional to 
some extent in enabling the disease to withstand unfavorable conditions 
or to spread over distances so great that conidi a would be killed in 
transit seems logical and necessary. Yet, in so far as the writer was 
able to determine, oospores are never produced on maize in the Philip¬ 
pines. The conidial stage alone occurs on this host, persisting, although 
somewhat diminished, through unfavorable seasons, spreading disas¬ 
trously in favorable periods, and causing widespread destruction through¬ 
out the islands, all apparently quite independent of any oogonial phase. 

So far as their existence on maize is concerned one need consider the 
Philippine Sclerosporas only in the conidial stage to understand their 
persistence, their spread, and their destructiveness. But, on the other 
hand, on other gramineous hosts in the Philippines it is the oogonial 
stages, that are predominately widespread, persistent, and destructive. 
On Saccharum spontaneum t for example, Sclerospora oogonia are ex¬ 
tremely abundant, not only in the lowlands where the conidial phase, 
although, rare on this host, is common on maize, but also in the moun¬ 
tainous interior of Luzon where conidia on either host do not occur or 
are so rare as to escape observation. Similarly, in this same moun¬ 
tainous region the wild grass Miscanihus japonicus and .the, cultivated 
sugar-cane show abundant infecSon with oogonia exclusively. Moreover, 
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this stage alone was found on wild grasses in remotely Isolated uplands 
far from malze s and on Islands two or three miles from shore. 

The three oogonial Sclerosporas, although morphologically similar, 
occur on three different hosts and are occasionally found in widely 
separated localities. The conidia! Sclerosporas are morphologically 
separable as two distinct species (25). It is impossible, at present, to 
understand what relationship, if any, exists between these conidia! and 
oogonial stages. From the evidence at hand It is not apparent whether 
the coni dial Sderospora philippinens is, found on maize, sorghum, and 
teosinte, and inoculated to Saccharum sponianeum and Miscanlkus 
japonicus , has as another phase in its life cycle the oogonial stages found 
on one or more of the three hosts mentioned above, and whether the 
conidia! Sderospora spontanea found on maize, Saccharum sponianeum f 
and sugar-cane, and Inoculated to Miscantkus japonicus is related to 
these oogonial forms, or whether all are Independent and unrelated. 

The solution of this relationship necessitates germinating the oospores 
and securing conidial infection from inoculation with them. So far the 
writer’s preliminary investigations of these points have resulted unsuccess¬ 
fully, as have all the attempts reported in the literature by investigators 
of the genus from its founding by Schroeter (22) in 1879 to the present 
day. To be sure, In 1884, Prilleux (18) reported that M. Frechou, para- 
raacien of Nerac, had seen the oospores of Sderospora graminicola germi¬ 
nate by the protrusion of a hypha; but this investigation was not followed 
far enough to cast any light on the relationship of the two stages. Until 
this relationship is worked out, the part played by oospores in distributing 
and maintaining the downy mildews in the Philippines can not be under¬ 
stood. 

When considering the Philippine Sclerosporas as a source of danger 
to the United States it is chiefly with the oogonial stage that we are 
concerned. Introduction probably would be accomplished by"oospores, 
for as has been seen the fungi could not survive distant transportation 
except in this stage or as mycelium in sugar-cane or grass cuttings. If 
established in our country the Sclerosporas would survive the winter 
principally by means of the oospores which with their adherent oogonia 
are characteristically thick-walled and resistant. It is In this way that 
the closely related Sderospora graminicola which thrives in the Tropics 
Is able to live through the year in northern Iowa, Wisconsin, and Michigan. 
For these reasons She detailed study of the oogonial phases both of the 
Philippine Sclerosporas and of other species is one of the most pressing 
needs of future Investigation. 5 

DISSEMINATION BY MEANS OE CONIDIA 

It is the conidia which play the most important part in disseminating 
the downy mildews of maize throughout the Philippine Islands. From 
a knowledge of .the details of conidium production and dispersal -which 


* It is interest to note that' since the foregoing was written. Sderospora macros pm a has been found an 
wheat in the United .States.. Wheat plants, attacked by this fungus were collected at Jordan* Ely., in .April, 
1931, by Mr. R, W..by Dr. A. G„ Johnson, who later .found the same parasite on. spec¬ 
imens of wheat cefiected in 'Califiamia in 1919. Subsequent investigation by the writer has shown that the' 
Sderospora is''well est&blfehed in tbewheat fields of western Tennessee and Kentucky, This species has 
never been found in the'Americas before, but in Italy, southern France, and other parts of Europe it has 
been fcsjowa since 1895 as a disease 'Sporadically destructive to wheat,, uaaize* cats, rice,, and winds; Wild 
grasses. Its occurrence in.'Tennessee, far from wheat, on commutalus 'Schard.,';* grass Introduced 

from Europe within cxmi|»tmtive!y recent years, possibly. indicates' that this host brought, in'the disease' 
with it. la" any case, this instance emphasizes the danger m the oc^anial stage, the'only one known lit 
this species as- a means of disseminating Sclerosporas. 
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have been given above, one is able to understand and adequately to 
explain the most important phases of the problem presented by these 
maize mildews in the Philippines. The gradual local spread of the 
disease in some regions and its sudden scattering over extensive areas 
in others, the apparent immunity of maize in certain localities and the 
destruction of the whole crop in others, the sudden appearance of the 
disease in areas hitherto uninfected and the equally rapid disappearance 
of long persistent infection elsewhere are all no longer baffling. 

It should be noted, however, that the dispersal of conidi a does not 
necessarily imply distribution of the downy mildews. Vast quantities 
of germinable conidia may be scattered by the breezes; but if they fail 
to reach susceptible parts of favorable hosts before being killed by 
drying, no distribution of the Sclerosporas will result. The following 
points must be borne in mind. To secure the production of large numbers 
of conidia there must be a heavy and lasting deposition of dew on the 
infected plants; to effect the dispersal of the conidia so produced there 
are required night breezes of favorable strength and duration; while to 
accomplish infection from the quantities of conidia thus scattered there 
must be available and accessible in the field, within carrying distance, 
young susceptible maize plants into whose dew-bathed buds and leaf 
axils the breeze-borne conidia may fall. These conditions are the limiting 
factors affecting distribution of the downy mildew through the agency of 
conidia. In the Philippines, climatic conditions and agricultural prac¬ 
tices are such that these requirements are very generally fulfilled. As a 
result dissemination by means of conidia goes on, year in and year out, 
unhindered. 

In achieving discontinuous, step-by-step distribution of the maize 
mildews, the conidia are preeminently important. At the beginning of 
each rainy season the downy mildews gradually spread in the newly 
planted maize from centers where the conidial stage has lived through 
the dry season on maize planted out of season or maintained under 
irrigation for forage. Along the edge of the broad Batangas plain, for 
example, small areas are kept in maize during the dry season at Sto. 
Tomas, where the proximity of Mount Maquiling insures unseasonable rains, 
and at Lipa where Mount Malepunyo serves similarly. At both places 
downy mildew persists on these plantings; and when the rainy season 
begins the new maize crop, exposed each night to large numbers of 
wind-borne condidia, becomes rapidly and extensively infected. Also, 
in the foothills of Mount Banahao, at San Pablo, Lilio, Nagcarlan, and 
Majayjay numerous densely and successively planted maize plots are 
maintained through the dry season to supply forage for the tough little 
ponies that are the chief means of transportation over the steep roads. 
In these plots the downy mildew is carried along to spread with disastrous 
effect to the more extensive plantings of the main maize-growing season. 

Not only' can the progress of the disease be followed in limited areas 
during early stages in the development of a single maize crop, but in 
the course of' the growing season, which in some regions accommodates 
two or even three successive crops and occupies two-thirds of the year or 
more, spread over extensive areas can easily be traced. For example, 

. in the Batangas plain and along the border of the Take of Bay, where the 
progress of the maize mildew was followed closely during two years, it 
was observed to spread from the persistent foci of infection which have 
been mentioned and extend with ever-increasing severity and expansion 
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until finally In the last crop maturing in the early part of the on-coming 
dry season it had penetrated even to relatively remote fields and caused 
them heavy losses. 

Whether the discontinuous spread of the mildews from island to 
island is due to the agency of conidia could not be settled by observation. 
Certain evidence, however, seems to Indicate that such distribution does 
occur. The closely aggregated Philippine Islands are idealy situated for 
the dissemination of the downy mildews by wind-blown conidia. Of the 
entire 3,000 islands, about 1,000 are of sufficient size and importance to 
be worthy of agricultural consideration; and these are grouped in an 
irregular triangle extending about x ,000 miles from north to south. The 
11 largest of these extend over more than four-fifths of this distance 
and comprise but little less than four-fifths of the total area. Yet the 
distance separating any one of these from the next is not over 20 miles—• 
often much less. Moreover, their arrangement is such that typhoons 
and prevailing trade winds have a general lengthwise trend over them. 
Downy mildew of maize is already known from the great Island of Min¬ 
danao at the south, from the Visayan Islands in the center, and from 
Luzon at the far north. Seven of the 11 largest islands are known to 
harbor the disease; and in all probability investigation will show that it 
is established throughout the whole archipelago. That this broad 
distribution has been and is being accomplished, at least in part, by 
conidia blown from one island to another on night breezes seems very 
probable to the writer. Night -winds, especially those which come in 
sudden gusts of considerable strength, often have a velocity of 10, 20, or 
more miles an hour; while the gales which distinguish nocturnal typhoons 
frequently reach hurricane velocity. Moreover, especially in the Visayan 
Islands, diseased maize is found in abundance on highlands which tinob- 
structedly overlook the intervening seas. It seems probable that conidia 
swept by violent gales from such vantage points would take no longer 
to reach the maize fields of neighboring islands 10 miles distant than 
conidia borne on almost imperceptible air currents would take to drift 
from stunted plants to plates exposed 100 feet away. 

Butler (4), in summing up the general question of wind distribution 
of fungi, concludes that— 

Several [cases] suggest that aerial spread is limited to a few miles, while other [fungi] 
are capable of bigger jumps, possibly 50 miles or (in the case of the oak mildew) even 
more. 

The striking experimental evidence of Hesselman (12), on the other 
hand, shows that pollen grains much larger than conidia may be trans¬ 
ported 30 and even 50 miles by breezes of moderate strength. It should 
be remembered, however, that pollen and the spores of most fungi are 
not so rigidly restricted in time or extent of distribution as are the downy- 
mildew conidia which can not survive drying and must be produced, 
scattered, and reach new hosts within relatively few hours of the night. 
The fact that the writer ( 2 5) has found two conidia! Sclerosporas on make 
apparently restricted to different groups of the Philippine Islands must, 
also be considered. The writer inclines to the belief that dissemination 
of the maize mildews' from island to island by means of conidia has taken 
or is taking place, but until further evidence has been obtained and the 
geographic distribution of these and other species has been worked out 
for the whole archipelago, no final decision on this point can 'be made. 
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It Is clear* however, that the conidial stage of Sclerospora, at least in 
the Philippine forms* is far more complex in respect to conidium produc¬ 
tion and dispersal and far more important in disease dissemination 
than has been realized hitherto. 

SUMMARY 

In the Philippine Islands the two downy mildews, Sclerospora philips 
pinensis and 5 . spontanea are in their conidial phases injurious parasites 
of maize. Investigation of the two species has cast light of certain 
hitherto obscure points in: (1) The production and dispersal of conidia, 
and (2) the relation of these processes to the local and distant dissemina¬ 
tion of the diseases. 

Production of conidia on infected plants is preceded by the establishing 
on leaves and sheaths of characteristically discolored areas that in out¬ 
line and pallor are symptomatical of the disease. Production takes 
place chiefly and In greatest quantity on such areas which may occupy 
a relatively large proportion of the plant’s surface. 

Conidiophores never develop except from the stomata, at night, and 
when the surface is covered with dew or other moisture. Prom the 
mycelium in the underlying tissue, branches push through the stomata! 
pores, forming crowded groups of lobed and knob-like outgrowths. 
These elongate, developing successively into mature conidiophores, sev¬ 
eral of which are formed at each stoma during the course of the night. 
The conidia apparently are liberated by active ejection from the sterig- 
mata, rather than by passive disjunction as has been assumed; but fur¬ 
ther investigation is necessary to establish this point. Nocturnal devel¬ 
opment of conidiophores in the usual amount of dew follows a relatively 
regular cycle, which, however, may be altered by rain or by drying 
winds. 

Conidia are produced in vast numbers, even a small plant liberating a 
quantity sufficient to infect the neighborhood. The number produced 
on a plant during one night chiefly depends on the extent of the produc¬ 
tive surface, on the number of stomata in this surface, and on environ¬ 
mental conditions. Approximate estimates of the number produced on 
representative plants of different ages are given. 

Production of conidia on an infected plant is not limited to one night 
but may be repeated on successive nights when conditions are favorable 
over a period covering as much as 75 per cent of the total life of the 
plant. The duration of production in the case of several different varie¬ 
ties of infected maize Is given. 

Dispersal of conidia takes place necessarily at night. (1) It is accom¬ 
plished chiefly by wind. Slight air currents are especially important; 
because, although local, they occur very frequently and at the time of 
maximum conidiophore production. Stronger breezes, usually near the 
sea and on broad plains, are effective because they occur often during 
maximum conidiophore production and cover considerable territory. 
Violent gales are not conducive to copious and general production of coni¬ 
dia, but yet are important, because they rapidly sweep such few conidia 
a$ : 233 ay.be formed over great distances. (2) Dispersal of conidia is also 
accomplished by splashing. Drops of dew or rain falling on the conidi- 
ophore-bearing leaves, splash off, laden with conidia, and’may, reach 
young maize directly or. may be- carried to it by wind. (3) Dispersal is 



jan. 2 7 » 1323 Production of Conidia in Philippine Sclerosporas 277 


also effected* though to a much less degree* by agents of minor importance, 
such as surface water, insects, and moist soil laden with conidia. 

The genus Sclerospora may be disseminated in three stages of its devel¬ 
opment—as mj^celium, as oospores, and as conidia. (1) Mycelium, in 
the case of maize itself, plays no part in disseminating the Philippine 
downy mildews. However, as mycelium in cuttings of other hosts, such 
as sugar cane and related'grasses, these diseases are distributed in the 
Philippine Islands and thus could be brought to the United States. (2) 
The oospore stage is not found on maize in the Philippines, Whether the 
oogonial Sclerosporas occurring on sugar cane and two wild grasses in the 
islands are related to maize is not known. However, this stage must be 
responsible for at least some of the local and distant spread of these fungi 
and may possibly be involved also in the dissemination of the conidia! 
phases on maize. {3) Not only during any one season but from year to 
year conidia are the most important means of accomplishing both locally 
and extensively the destructive spread of the downy mildews on maize 
throughout the Philippine Islands. Spread to the United States could 
not be accomplished by conidia unless these developed on plants imported 
alive. If the disease were introduced in any fashion, however, the coni¬ 
dia would be of the greatest importance in rapid dissemination. 
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PLATE i 1 


A. —Young maize plant (Mangonon White Dent) four days after the first symp¬ 
tomatic paling of the leaves. Conidiophore production which has already taken 
place on two favorable nights has begun characteristically on the distal portion ot 
the upper leaves (a, a). The total conldiophore-bearing area at this early period com¬ 
prises only a few square centimeters but as time goes on will continue to become 
increasingly extensive as the plant develops. XK- 

B. —A near view of the fifth to eighth leaves of a young maize plant (Chinese Waxy 
white), showing (at x, x) the etiolated stripes characteristic of the downy mildew. 
These markings had only begun to turn pale a little before dawn of the morning 
on which they were photographed, hence they were still inconspicuous and free 
from conidiophores. During the succeeding night, however, conidiophores were 
developed on the pallid areas. Natural size. 

C. —Plant of maize (Guam White Flint) which, although only a little over 3 weeks 
old, is already producing vast quantities of conidiophores each favorable night from 
relatively extensive and conspicuously pale areas on its upper leaves and sheaths. 

xX- 


1 The photographs of Plates 1 to 6 were taken by the author. 
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PLATE 2 


A. —Two young maize plants (Guam White Flint) 10 days after emerging; the smaller 
and nearer one, healthy; the larger one already infected and showing (at a) the etio¬ 
lated conidiophore-bearing areas characteristic of the downy mildew. 

B. —The same plants about a month later. The conidiophore-bearing area which 
was inconspicuous and occupied only a few square centimeters on the leaves of 'the 
young plant is now very extensive and conspicuous- and supports the production 
of vast numbers of conidi a each favorable night. The meter stick, which is the same 
as that shown in A, is marked off in 5-cm. divisions. 



PLATE 3 

A. —Two plants of Manobo Waxy Maize 14 days after emerging; the one at the 
left healthy, the one at the right already infected with Sclerospora philippinensis, 
and showing etiolated stripes symptomatic of the disease. These stripes are rela¬ 
tively inconspicuous ( a , a) and have a comparatively small area but are supporting 
abundant conidiophorz production from both their upper and their lower surface. 
The measure is marked in 5-cm. divisions. 

B. —The same plants 16 days later. The etiolated markings which have been devel¬ 
oped by the infected plant at the right are now relatively extensive and conspicuous 
and on them from both surfaces conidiophore production continues to take place in 
abundance. Measure as in A. 
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PLATE 4 


A. —Basal portion of the fifth leaf of a young plant (with seven leaves) of Pueblo 
White maize, showing recently established etiolated markings due to Sclerospora 
pkilippinensis which extend up from the very pale leaf sheath. Conidiophore produc¬ 
tion on this lower leaf had not as yet become abundant and conspicuous. Natural size. 

B. —Distal portion of the sixth leaf of the same plant. The etiolated areas extend 
nearly to the tip of this leaf and on them conidiophores have already developed in 
abundance, especially along the midrib. Natural size. 

C. —Portion of a leaf of Moro White maize from a plant heavily infected with 5 . 
philippimnsis, Conidiophore production is most abundant along the pallid stripes 
but also occurs scatteringly on the less conspicuously discolored areas between them 
and even on the midrib, a. X2. 

D. —Portion of a leaf of Guam White Flint maize showing abundant production of 

the conidiophores of S. philippinensis . X2. 

K.—Unrolled sheath of the uppermost leaf of a heavily infected plant of Moro White 
maize, showing conidiophores which were formed in the protection of this overlapping 
edge during a nocturnal storm that was so severe as to prevent spore formation on more 
exposed parts, XtK. 



PLATEs 

A. -—Deformed, virescent tassel of a plant of Cattete Brazilian Yellow Flint resulting 
from a severe attack of Sckrospora phi lippine nsis. This plant showed the usual heavy 
production of conidia from its extensive leaf and sheath areas. In addition, £roxn a 
large proportion of the surface of the abnormally developed bractlike outgrowths in 
this tassel conidiophorc formation took place in abundance. 

B. —Plant of Guam White Flint which, as a result of infection by S. philippinensis, 
developed an abnormal ear branch. This branch resulted from the elongation of the 
shank and the excessive growth of the husks of an ear which at first was apparently 
normal. Conidiophore production, after it had ceased on the main body of the plant, 
continued in abundance on the broad, leafy tips and the basal sheath portion of the 
husks of this branch, prolonging the period of spore production to a total of more than 
nine weeks. At the extreme left can be seen a healthy plant with a normal ear. The 
meter stick is marked off in 5-cm. divisions. 


















A. —A young teosinte plant infected with Sclerospora Philippine,mis and supporting 
abundant conidiophore production from relatively inconspicuous markings on the 
leaves, not only of the main shoot but also of the two lateral suckers by which the total 
spore-producing area in considerably increased. 

B. —A closer view of the central shoot of A, showing the pallor of the conidiophore- 
bearing areas of the leaves and sheaths compared with the isolated stripes of normal 
green which still persist at a, a. As can be seen, the pallid portions occupy relatively 
a large proportion of the total leaf area, and since they support conidiophore produc¬ 
tion on both surfaces the total amount of production each night is large. 

C. —An older teosinte plant growing as an escape in a field of Mexican June maize, 
from which it has become heavily infected with 5 . philippimnsis. Although slender 
and spindling, the plant has a relatively large conidiophore-bearing surface and lib¬ 
erates great quantities of conidia each favorable night. Bach division of the meter stick 
equals 5 cm. 



PLATE 7 1 

A-D.—Stages in the development of the branches which start from the substomatal 
mycelium, push through the stomata! pore, and by forming lobed outgrowths give 
rise to the crowded group of knoblike buds that develop into the^ conidiophores. 
Maize (Guam White Flint) infected by Sckrospora spontanea; exterior view of the 
epidermis showing stages characteristically found from 10 to n p.m. A,—Stomata 
not yet invaded; its pores closed to a narrow slit. B.—From the substomatal mycelium, 
part of which can be seen dimly beneath the epidermis at a and b, many knoblike 
branch tips are crowding up through the stomatal pore. C.—A later stage in the 
growth of the knoblike branches, some of which have enlarged and pushed still farther 
out of the stoma. D.—A still later stage; the knoblike branches have grown into 
enlarged and lobed outgrowths which will elongate into the club-shaped conidiophore 
initials. X 700. 

E. —A similar stoma seen in longitudinal section at a later stage in the development 
of the conidiophores. Above the group at a is shown the base of a conidiophore that 
has already lost its conidia and begun to shrink. At b is the base of another which is 
just maturing. Below are several knoblike outgrowths that will develop into conidio- 
phores in their turn. From a longitudinal section of the same material cut at 2.30 a.m. 
X 

F. —A group consisting of outgrowths and their maturing conidiophores. Similar 
to- that shown in E but dissected out from the surrounding tissue. The maturing 
conidiophore whose base is shown at a is figured in full in Plate 8, Q. 2.30 a.m. X700* 

G. —Portion of a cross section of the same material, showing in the substomatal 
chamber vigorous mycelial branches from which has arisen a group of knoblike out¬ 
growths, At a is the basal extremity of a conidiophore already matured. 2.30 a.m. 
Xw. 

M,—Portion of a cross section of Saccharum spomtmmm leaf heavily infected with 
Sckrmpom spontanea* From the -stoma, which, in this grass, is deeply depressed and 
protected by ridges, has pushed out a small group of outgrowths one of which has 
begtm to elongate into a conidiophore. Their relationship to the vigorous mycelial 
branches m the substomatal chamber can be traced clearly. " 2 a.m. X700. 


'' were made With the all cf a camera ludkla and are from -firing material hand sectioned at 

in water* the seefcfeos being immediately killed and fixed m osrnic acid, stained, and smcmtel. 










PLATE S 1 


A. —External view of stoma oftnaize, showing knoblike outgrowths from the internal 
mycelium throughout the distended pore. 10 p. m. X375. 

B. —Early stages in the development of conidiophores, showing gradual elongation 
of the small knoblike outgrowths into club-shaped initials, to to 11 p. m. X375. 

C. —External view of the stoma of maize (Barbados Yellow Flint) infected, with 
Schrospore philip pinensis. Arising from the stomatal pore are four partly developed 
initials while a small knoblike outgrowth is pushing up between their bases. 11 p. m. 


Xs75* . ■ 

D.—Club-shaped conidiophore initials of Sckrospora philippinensis. Note the 
short, stocky habit and the indications that the basal cell will be short and stout.. 


11 to 12 p. m. X375. 

E. —Conidiophore initials of Sckrospora spontanea at approximately the same stage 
of their development. In comparison to those of the other species (D) they are longer 
and more slender in habit, especially in the lower portion that will be cut off as the 
basal cell, n to 12 p. m. X375. 

F;—Conidiophore initials at a later stage than those in E, showing the buds of the 
primary branches beginning to grow out. u to 12 p. m. X375. 

G-O.—Conidiophores showing later stages in the development of the branch system. 
11 p, m. to 12.30 a. m. X375, • 

P. —Conidiophore of Sckrospora philip pinensis at approximately the same stage of 
development as the Sckrospora spontanea conidiophore (O). Note that the basal cell 
is shorter and is cut off by a cross wall at a relatively earlier age. 12.3,0 a. m. X 37 

Q. -“Conidiophore showing conidia budding out from the sterigmata tips. Attempt 
has been made to -show the -contrast between the finely granular content of the sterig¬ 
mata and the young conidia to the dense, coarse protoplasm of the main axes, and 
brandies. Tins conidiophore arose from the group of young knoblike outgrowths 
shown in Plate 7, F. 2.30 a. m. X375. 

R # S.—Later stages in the development of the conidia. 2t032. n1. X375. 


1 The drawings were made with the aid of a camera lucida from materia! which was scraped in dew from 
infected leaves at the time of maximum conidiophore production, immediately killed and fixed with ossssic 
acid, stained, and mounted. The figures, with the exception of C, D, and P, show successive stages In' the 
development rf Sdarospora on maize (Guam White Dent) which had been inoculated with -Sckrospora 
spontanm taken from Sacchmmm sponi&neum. Figures C, D, and P are of Sckrospora pktHppmmsis-Ux 
comparison. 
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PLATE 9 1 

A-K.—Successive stages in the development of the eonidia of Scleras pom spontanea 
from the tips of the sterigmata. ' Material found on maize (Guam White Flint), 2 to 
3 a, m. X*Qoo. A-H.—The conidium enlarges gradually as more and more proto¬ 
plasm flows into it from the sterigma. I.—At the junction of the sterigma tip and 
ease of the conidium a hyaline zone is differentiated. J.—In this zone a wall is 
formed across the papilla of attachment of the conidium and likewise one across the 
tip of the sterigma. K.—Both walls are bulged outward increasingly by the turgid- 
tty of the contents. , 

X .—Conidium of S. spontanea which apparently has been broken off prematurely 
from the sterigma. Note the basal papilla. 2.30 a. m. X 1,000. 

M. *—Sterigma from which the conidium has been broken off prematurely. Most 
of the sterigmata on this conidiophore still retained their eonidia in situ in the condi¬ 
tion shown"at j. Compare with P and Q. 2.30 a. in. Xi«ooo. 

N. —Conidium of S. spontanea which, even after germinating, still indicates by the 
character of its papilla that It was broken off. 2.30 a. m, X*tooo. 

O. —Conidium of S. spontanea that in the normal fashion has been thrown off from 
the sterigma. Note the bulged out papilla of attachment. 2.30 a. m. Xi*ooo. 

P. —Sterigmata of S. spontanea from which the eonidia recently have been thrown 
off. Note the characteristic shape of the bulged-out apices. The content has begun 
to show signs of disintegration. 2.30 a.m. Xi>oop- 

Q. —Sterigmata of S. spontanea. The characteristic shape of the tip is unchanged 
even In sterigmata of widely different sizes and shapes. 2.30 a. m. X 1,000. 

R. —Sterigmata of S. spontanea long .after conidium discharge. The content is 
disintegrating and the walls have begun to collapse, a condition characteristic of 
^eontdionbores like that shown in Plate 10, X). 4 a. m. X 1,000. 

,S»—■Shriveled sterigmata with disintegrated content, such as are found on the 
dried-up conidiophore of 5 . spontanea shown in Plate 10, E. 3 p. m. X 1,000. 

T.—~unaidimu of S . pkiiippimnsis that in normal fashion has been thrown, off 
from the sterigmata. Note, the bulged basal papilla. Materia! taken from maize 
(BarbadosMellow Flint). 2,30'a. m. X 1,000. 

V.—Sterigmata of S. pkiiippimnsis from which the eonidia have been thrown 
,©f. ^ Note that the characteristic shape of the bulged tip is unaltered in sterigmata 
of different sizes. The same material as T. 2.30 a. m. Xteooo. 

W.—Sterigmata c US* pMMppimnds from one of which the conidium has already 
been thrown off, while on the other the mature conidium is still retained in place. 
The same materia! as T. 2.30 a. m. X**ooo. 


•' dmwtaga were ®»d® with the aid d a camera, lacida. from material which was scraped in dew 
-i-Ma Infected leaves at the time of maximiim Qnn&ophare production, immediately killed and fixed with 

mmit field, steinedsad wetated, . . ■ 
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A. —Conidiopliore and maturing conidia of Sclerospora spontanea on maize (Guam 
White Flint). Note the truncate apices of the sterigmata, at a from which, the conidia 
have been broken off prematurely. 2 a. m. X375. 

B. —Similar conidiophore from which the conidia recently have been thrown off. 
Note that the apices of the sterigmata from which the conidia have been thrown are 
bulged out. Now that it has functioned the content of the conidiophore begins to 
disintegrate. 3 a. m. X375. 

C. —Similar conidiophore at a later stage; the sterigmata are little altered but the 
main axis is losing its turgidity and becoming shrunken. 4 a. m. X375. 

B.—Similar conidiophore still later. The sterigmata and branches have shrunk 
together and the mam axis is .shriveling. 5 a. m. X375. 

E. —Similar conidiophore after being dried on the leaf during the day to a wrinkled 
mummy that is hardly recognizable as the remains of the vigorous structure of the 
preceding night. 3 p. m. X375. 

F. —Conidiophore of 5 . phiiippimnsis on maize (Barbados Yellow Flint) which 
shows an unusual formation of hyphae similar to germ tubes from sterigmata that 
had just begun to bud out conidia. Apparently the conidiophore, having inherent 
in its protoplasm potentialities for hyphal germination, has for some reason behaved 
as a multiple conidium. 2.30 a. m. X375» 

G. —Group of S. phiiippimnsis conidiophores views obliquely from above, com¬ 
prising a relatively large number of young stages and'completely covering the stoma; 
from maize (Barbados Yellow Flint) at 2 a. m. " X375. ^ 

H. —Similar group of conidiophores, one maturing conidia, and the others in various 
earlier stages of development, teased out from the surrounding tissue of a leaf section 
of maize (Barbados Yellow Flint) at 2 a. m. X375. 

I. —Similar group of conidiophores, comprising three club-shaped conidiophore 
initials and one shriveled vestige of a conidiophore produced probably on some 
previous night, teased out from the stoma of maize (Barbados Yellow Flint) at 2.30 
a. m. Xs75- 

J. —Unusual basal cell of forked structure serving as the base for two S. spontanea 
conidiophores from maize' (Guam White Flint). 2.30 a. m. X375. 


1 The drawings were made with the aid of a camera lucida from materia! which was scraped in dew' from 
infected leaves at the time of maximum conidiophore production, immediately' killed and fixed with, 
osmic acid, stained, and mounted. 





MECHANICS OF INOCULATION WITH SUGAR-CANE 
MOSAIC BY INSECT VECTORS 1 

By E. W. Brands 

Pathologist , Office of Sugar-Plant Investigations , Bureau of Plant Industry , 
United States Department of Agriculture 

INTRODUCTION 

It has been demonstrated with practical certainty that the only 
method for natural spread of sugar-cane or grass mosaic is through the 
agency of insects* acting as simple vectors or possibly as intermediate 
hosts. 

It was established by the writer (i) 3 that Aphis maidis is able to 
transmit this disease. A considerable amount of confirmation of this 
result has now accumulated and notwithstanding some early skepticism 
it appears to be generally accepted. The mere fact of its ability to 
function as a vector* however, has been regarded by several investigators 
as of no great practical significance on account of the supposed scarcity 
of the insect on sugar cane. It was even suggested that A. maidis never 
occurred on sugar cane and that when colonized on cane plants the 
insects would die. On the contrary, other investigators have suggested 
that A. maidis is responsible for much of the natural transmission of 
mosaic in commercial plantings of sugar cane. In view of these diver¬ 
gent opinions, a review of experimental work on this subject is desirable. 

REVIEW OF EVIDENCE ON INSECT TRANSMISSION 

Taking up the published work in chronological order, Braudes (i) 
announced that Aphis maidis is able to transmit the disease to healthy 
plants after a previous feeding on diseased plants. It was stated in 
this paper that all species of insects used in the experiments were known 
to feed on sugar cane and that A. maidis in, particular had been reported 
on sugar cane from practically all sugar-cane countries. Thus it was 
assumed that a certain amount of natural transmission in the field is 
traceable to this insect. The belief was expressed, however, that 
natural transmission is not restricted to A. maidis . 

Smythe ( 5 , 9) carried on a large number of experiments on insect 
transmission of mosaic at the Insular Experiment Station at Rio Piedras, 
Porto Rico. He reports successful transmission with a variety of insects. 
His results, however, are not convincing. The small number of experi¬ 
ments which he reports as successful are questionable, since in some 
cases his test plants were transplanted to an open field and left for a 
period greater than the minimum incubation period for mosaic before 
showing symptoms. 

Tower (10), also working in Porto Rico, got only negative results 
from experiments in which he used sucking and chewing insects. 
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Ledeboer (6) s In Java, announced that he had obtained results which 
Indicated that Aphis sacchari as well as .4. maidis could transmit the 
disease. In a later publication (7) he states that while his experiments 
with *4. maidis had confirmed the work of Brandes (r), Ms preliminary 
experiments with A . sacchari were not now considered conclusive. He 
made the observation in this paper that A . maidis was noticed to be 
very abundant on Panimm colonum and Paspalum sanguinale in the 
sugar-cane fields and that the winged forms occasionally flew from these 
grasses to the sugar cane. He states further that these grasses are 
subject to the cane mosaic. 

Bruner (2) published the results of careful experiments with a great 
variety of cane insects conducted at Santiago de las Vegas, Cuba. A phis 
maidis alone was able to sent as a vector of mosaic. He states, how¬ 
ever, that this insect does not attack sugar cane under field conditions 
and therefore can not be held responsible for dissemination of the disease 
in nature. 

Wolcott (if), who studied insects in relation to this disease in Porto 
Rico, states in reference to Aphis maidis; 

The Com aphis lias not been found on cane in Porto Rico. It can not in any way 
be considered responsible for the transmission of mosaic disease of sugar cane under 
field conditions in Porto Rico. 

In another publication (12) he says: 

. . . Mr. Smythe was unable to keep it {Aphis maidis] alive on sugar cane in Porto 
Rico. The experimental transmission by an insect which will live on sugar cane 
only under abnormal conditions [referring to the experiments of Brandes] proves 
nothing as to the insect responsible for transmission in the field, except to indicate 
the place on the cane plant where the insect must feed to cause the disease. 

Kunkel (5), in Hawaii, performed careful experiments in which he 
confirmed the ability of Aphis maidis to transmit the disease, but was 
unable to demonstrate- this ability on the part of ,4. sacchari. He also 
proves convincingly that the com leafhopper { Peregrinus maidis) is able 
to transmit the disease from com to com but, strangely enough, not to 
sugar cane. Kunkel makes the important observation that a rapid 
spread of mosaic in sugar cane followed the weeding of a field. In the 
case, cited, the field was infested with goose grass (Eleusine indica), 
some of which had. the mosaic. .4. maidis was abundant on the goose 
grass previous to weeding, and probably migrated to the cane at that 
time. 

Chardon and Veve (4) conducted experiments In Porto Rico in wMch 
mosaic and healthy sugar-cane plants in a field were covered with cheese 
cloth, and A. maidis was introduced into the cage thus formed. The 
insects colonized on .various grasses, Including Eleusine indica , Echino- 
cMm ccio «, and Pankmm barbinode , which were growing as weeds in the. 
cage. The weeds were then cut down and the aphids were observed to 
migrate to the cane. About 65 per cent of the healthy plants in this 
cage became mosaic during a period of 66 days, the first case appearing 
14 days after the migration. In a second similar cage, into which no 
specimens of A. maidis were introduced, no cases appeared among the 
healthy plants, A somewhat similar experiment with a different species 
of plant louse (Carolinaia sp.) which occurs on the sedge, Cyperus 
roiundns f was reported in the same paper. Four out of six plants in the 
experiment became mosaic, but since no control plants appear to have, 
bees used if needs repetition under better controlled conditions. 
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A study of these results seems to afford abundant confirmation of the 
fundamental fact involved—namely, that * 4 . maidis acts as a vector of 
sugar cane or, more properly, grass mosaic. Experiments with positive 
and convincing results have been performed in the United States, Java, 
Cuba, Hawaii, and Porto Rico. The fact also appears to be established 
that while A. maidis prefers other grasses to cane as a source of food, it 
frequently migrates to the cane in large numbers. Weeding of a cane 
field is evidently a prime factor in bringing about this result, but the 
present writer has observed infestation of sugar cane by A. maidis in 
Florida in fields which are never weeded. The conclusions of investi¬ 
gators who disclaim that any practical importance attaches to this 
insect as a vector of mosaic is based on negative evidence, and therefore 
can not be held to controvert these facts in any way. Evidence has been 
adduced indicating that two other insects, Peregrinus maidis and Carolinaia 
sp., may transmit the disease. 

MECHANICS OF INOCULATION 

In an endeavor to gain some insight into the method by which insect 
vectors inoculate plants with sugar-cane mosaic, a number of individuals 
of several species of sucking insects were killed in situ, embedded in 
paraffin, sectioned and stained. The insects used were Aphis maidis , 
the known vector of mosaic; Peregrinus maidis , the com leafhopper re¬ 
ported by Kunkel (5) to transmit mosaic from corn to com; and Draecu - 
lacepkala mollipes , the large leafhopper which is so abundant on cane in 
this country, but which has failed to transmit the disease in repeated 
experiments. The latter insect was examined for comparative pur¬ 
poses, to determine if possible whether structural or functional feeding 
phenomena might inhibit its ability to transmit the disease. 

It was found that various methods had to be devised for killing the 
various insects in the feeding posture and holding them so during all 
the steps of fixing* dehydrating* infiltrating, and embedding. With 
Aphis maidis the process was found to be comparatively simple. A 
young leaf of corn with a quiet feeding colony was clipped from the plant 
and thrust into nearly boiling Camay’s fluid. The insects were appa¬ 
rently killed almost instantly, before they could withdraw their setae, 
and it was only necessary to transfer the pieces of leaf with attached 
insects through the succeeding reagents with utmost care in order to 
prevent agitation of the liquids and consequent dislodging©! the insects. 
In the case of Peregrinus maidis , a colony of adults and nymphs on a 
com leaf was cooled for 20 minutes at a temperature of 21 0 F., and 
when the insects were rendered inactive by cold the leaf was plunged 
into the hot Carney’s fluid. A large percentage of these insects floated 
off but some remained attached. Specimens of Draeculacephala mollipes t 
comparatively large and heavy as well as active leafhoppers, were 
handled individually in small, moist chambers to the inside wall of which 
a piece of com leaf had been pressed and held in a vertical position by 
means of gum arable. The insect was gradually rendered inactive by 
cold while feeding, then suddenly pressed against the stationary leaf 
with the index finger and at the same instant covered with Carnov’s 
fluid as hot as could be borne by the finger. Since these insects possess 
very large and thick feeding setae, as compared with aphids, and there¬ 
fore do not thrust the setae into the tissues to a great depth compared 
to the diameter of setae and weight of *he insect, as in the case of the 
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aphids, it is readily seen that their position on the leaf after being killed 
is relatively insecure. They must be fastened in some way, and this 
was accomplished by using small drops of collodion as a cement to 
hold the feet in position. Since this material is soluble in absolute 
alcohol it was replaced with cellulose acetate when the insects were 
transferred to this reagent. The cellulose acetate, being soluble in 
chloroform, could not be used during hxing in Carney’s fluid following 
killing. Sections jojj. and i2g in thickness were obtained and were 
stained with safranin and gentian violet. 

It was demonstrated that with Aphis maidis the beak is usually placed 
on the cuticle covering a stomate guard cell at the point where the cuticle 
is thinnest (PL 1, A) and the setae thrust into the latter by pressure. 
During this process a copious secretion is excreted at the end of the setae 
from the salivary glands. The secretion is colored brilliant red by the 
safranin. This secretion continues to pour from the tip of the setae as 
the latter passes into the deeper tissues, and forms the sheath described 
for other aphids by Biisgen (3) in his work on honey dew. Typically, the 
setae of A. maidis pass through the sub-stomatal cavity, then through 
the mesophvl cells either intercellularly or intracellulary, continuing 
between two cells of the starch sheath and finally into the phloem of the 
vascular bundle. (PL 1, B.) If the ligmified secondary thickening of 
the xylem elements are encountered, they get no farther in this direction. 
(PI, i, C, D.) In one section (PL 2, C) the preference of this insect for 
phloem is well illustrated, since an exploratory puncture leading to the 
xylem elements of the bundle is indicated by the empty sheath, while 
the setae which were partly withdrawn and again pushed forward are 
shown leading around the xylem and turning in the direction of the 
phloem. During the whole process the copious secretion from the insett 
pours into the practically uninjured and rapidly growing tissues of the 
leaf. The fact that it leads to the phloem cells, rich in substances of 
known nutritive value for microorganisms, seems especially significant. 
In all three sections of the series illustrated in Plate 2 the unusual amount 
of salivary secretion is dearly shown. It appears to the writer that this 
secretion is unquestionably the medium by which the infective principle 
of mosaic is carried into the plant. A more perfect mechanism for 
inoculation could scarcely be devised. There is no apparent wound 
reaction on the part of the plant; none could be seen in the phloem at any 
rate, and certainly none is apparent from the outside. Reaction to the 
virus itself does not cause great structural changes, as is well known. 
This phenomenon meets the requirements for successful inoculation in 
this disease in a peculiarly fitting way. It has been found that a definite, 
measurable quantity of “virus’® is necessary. This would eliminate 
from consideration as an explanation the carrying into the plant of the 
scanty amount of virulent material adhering to the minute mouth parts. 
It is necessary to introduce the virus into rapidly growing tissues in the 
interior of the plant Even in the much more easily communicated 
tobacco mosaic, a wound such as the crashing of trichomes seems neces¬ 
sary. Thus the anal secretion or honey dew falling on the normally 
unwoimded surface leaves much to be desired as an explanation of the 
infection process. Aside, then, from the perfect adaptation of the setae 
to the requirements for successful Inoculation, the phenomenon herein 
' illustrated is the most likely explanation of the transfer of mosaic. 



jan. a:, 1923 Inoculation Mechanics with Mosaic by Insect Vectors 283 


Sections of the leafhoppers, Peregrinus maidis and Draecuiacephala 
mollifies , do not indicate that the phloem is especially sought during 
feeding. The evidence points more to the tracheae as the object of 
attack, but in the case of D. mollifies it is impossible to determine this 
point, since the relatively enormous setae are as' great in diameter as the 
entire vascular bundles found in the young leaves where they prefer to 
feed. Nothing definite can be stated in regard to the feeding phenomena 
of D. mollifies which would exclude it as a possible carrier. All cells in 
the path of the setae, however, are crushed or engulfed in their entirety. 
There is some evidence of salivary excretion even in this large leafhopper* 
since a few traces of the brilliant red can be seen along the course of the 
puncture* but no definite sheath could be demonstrated. It would appear 
quite possible for this insect to penetrate to the vascular bundles by 
mechanical pressure alone instead of by the digesting or dissolving action 
of saliva which Is quite necessary to account for the penetration of setae 
in the case of Aphis maidis . 

These studies are being continued with virulent as well as nonvirulent 
aphids in parallel series in the hope that more light may be thrown on 
this problem and also on the etiology of the disease. 
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PLATE i 


A. —Setae of A phis maicUs penetrating a young com leaf. The black arrow points 
to the thin spot in the cutieiular covering of a stomate guard cell where the setae 
entered. 

B. —Continuation of the same setae shown in A. The white arrow points to the 
tip of setae lying in the phloem. This is the typical condition. 

C. —Setae entering between epidermal cells. 

B,—Same setae shown in C. The setae bundle has encountered a xylem element. 
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PLATE 2 


A. —Setae of Aphis maidis penetrating the epidermis of youn^ com leaf. 

B. —Same serae shown in A. This illustrates the copious salivary secretion. 

C. —-'Saine setae shown in A and B. An exploratory puncture, to the xyiem is 
indicated by the saliva sheath at the left. The setae bundle was withdrawn part way 
and again advanced toward the phloem. 








RELATION OF POTATO SKINSPOT TO POWDERY SCAB 1 

By Michael Shapovalov 

Pathologist, Cotton , Truck f and Forage Crop Disease Investigations! Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

The skinspot of the Irish potato tuber was first discovered, described, 
and named in England, It Is said to be of considerable Importance on seed 
potatoes* as the eyes may be injured and even killed by the causal organ¬ 
ism, and this obviously would result in uneven stands and reduced yields. 
The same disease has been reported from Canada, and an apparently iden¬ 
tical trouble has been described in Germany. It has also been noted 
on some shipments of Danish potatoes consigned to New York. Its 
presence In the United States was unknown until some wart-resistant 
varieties were Imported from England and planted in the wart region 
of Pennsylvania. The progeny of these varieties showed a small per¬ 
centage of skinspot. Further Influx of infected material to this country 
Is very likely to occur as long as the importation of foreign potatoes 
continues. It is therefore important to ascertain the nature of this 
disease and the possibilities of its spread in the United States. 

SYMPTOMS AND ALLEGED CAUSES OF SKINSPOT 

Owen (7) 2 stated very correctly that the external characters of skin¬ 
spot are so distinctive that there Is not much likelihood of confusing 
It with other spots. The appearance of the disease may be briefly de¬ 
scribed as follows: Round, raised, closed pustules frequently with a 
depressed border, single or In aggregates of varied configuration (PL 
i y 2); dark brown or bluish brown outside and olive brown to brown 
Inside. If the skin of the tuber is thick and rough* whether naturally 
or through the action of fungi or other causes, the spots are usually 
larger in diameter. Occasionally the pustules are lenticular or Irregular 
in shape. Often the potato skin Is attacked by Spondyhcladium airo - 
virens , which gives it a glistening silvery’’ appearance; but this is not 
characteristic of skinspot. In some cases the spots are not convex 
but are flat and only slightly raised and of considerably larger dimen¬ 
sions (PL 1, B). The disease is so typical and peculiar that no difficulty 
has been experienced by r workers In recognizing it either on specimens 
or on photographs. The nature of the trouble, on the other hand, is 
less obvious, and the opinions of various investigators on this point are 
greatly at variance. 

Carmthers (1) was the first to record what has been assumed to be, 
and presumably Is, this disease. He found an abundance of fine myce¬ 
lium in dead cells of the pustules but did not identify the fungus. How¬ 
ever, Ms drawing of, a diseased tuber covered with open pustules is 
very suggestive of powdery scab. No inoculation experiments are re¬ 
ported. 
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Pethybridge ( 8 ) observed the disease in Ireland and gave it the name 
of skinspot. Exposed cut surfaces of the pustules, when subjected to a 
moist atmosphere, produced a strong growth of a fungus identified as 
Spicaria-solani Hart. He states that— 

no cultures or infection experiments have been made in connection with this "skin- 
spot 38 and, therefore, it can only provisionally be regarded as caused by Spicaria. 

Milburn and Bessev (5, p. 90-91) attributed an apparently identical dis¬ 
ease which they called ‘‘blotches’ 8 or “pimples’' to an organism referred 
to by them as Spicaria nivea. They obtained this fungus in every cul¬ 
ture made by planting the inside of the pimples but failed to reproduce 
the disease by inoculation of healthy tubers with it. 

A few years later Giissow (2), who previously worked with Carruthers, 
discarded the fungus theory of skinspot altogether and attributed it to 
unfavorable storage conditions which interfere with normal respiration 
of the resting tubers and result in the production of the symptoms of 
skinspot. He drew his conclusion solely from the observation that this 
trouble invariably occurred in badly ventilated storage cellars but reports 
no experimental work along this line. 

About the same time O’Brien (d), describing Rhizoctonia injuries to 
potatoes in Scotland, included in his illustrations a photograph (d, PI. V) 
which in all its characteristic features may be regarded as representative 
of skinspot. The author, however, uses it as an illustration of an injury 
caused by Rhizoctonia crocorum (Pers.) DC. and states in the text: 

ff such a n affected tuber be moistened with water, numerous small blackish areas 
can generally be seen immediately below the surface which cause the skin of the 
potato to be elevated at such points. These areas are sclerotia. 

Apparently without any connection with the English work on skin¬ 
spot, Wollenweber (10) recently published in Germany a pamphlet on 
potato scab in which he describes a disease named by him “pustelfaule*' 
and illustrates it with a photograph of the affected potato tuber which 
leaves no doubt as to the identity of this trouble with the English skin-, 
spot. This “pustelfaule,” according to Wollenweber, is caused by 
Phoma eupyrem Sacc. He observed the mycelium of this fungus in the 
diseased tissues and obtained the organism in the majority of his isolation 
cultures. Further, upon inoculation of healthy tubers in needle'-pricks 
he produced “similar spots.” He states very clearly that Spongospora 
was altogether absent in the diseased tissues. 

The most extensive and quite recent study of skinspot was made by 
Owen (7). While using for the isolation work only those spots which 
lad the skin unbroken, the author obtained in every culture a similar 
fungus which is described and named Oospora pusiulans. ■ In sections of 
the spots, the fine mycelium of this fungus, it is said, is plainly seen 
among the dead cells of the potato tissue. The hyphae are very numer¬ 
ous and for the most part hyaline early in April, when the fungus appears 
to be most vigorous, but later in the season they are very few and mostly 
brown. Skinspot, according to Owen, is a disease which develops in stor¬ 
age aid is not usually visible until the early spring. 

^ In concluding this bibliographical review it may be of interest to men¬ 
tion^ that the'Same' disease has been locally known in British Columbia 
as pit Fusarium. The name itself explains its raison d’etre—the disease 
is commonly found in pits and is believed by some to be caused by a species 
of Fusarium, presumably Fusarium radicicola . This erroneous opinion 
was based on a certain external similarity of skinspot pustules with some 
initial stages of the lenticel infection with the blackrot fungus as figured 
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by Pratt (p, PL 34, fig. 2-3), and also the occasional presence of Fusa- 
rium spp. in the pustules. 

None of the workers mentioned in the preceding paragraphs gave 
conclusive proof for the support of their respective opinions as to the 
cause of sklnspot. Their conclusions were based mainly on the presence of 
fungus hyphae within the dead cells and on subsequent cultures of the 
diseased tissues. The predominant' organism in these cultures was 
assumed to be the cause of the trouble. According to the work of Owen 
(7) It was apparently Oospora pustulans in England, while according to 
the account of Wollenweber ( 10 ), It was evidently Phoma eupyrena In 
Germany. Giissow (2) and O'Brien (6) report no experimental work 
whatever, Carruthers (1) and Pethybridge (S) confined themselves to 
microscopic observations only. Milburm and Bessey (5) made inocula¬ 
tions of healthy tubers with Spicaria nivea but failed to reproduce the 
disease. Wollenweber (ro) is content that he produced “similar spots”' 
with P, eupyrena , but we know that an insertion of bits of mycelium of 
almost any facultative parasite in the needle pricks of tubers may result 
In the formation of brown pimples, externally resembling many a similar 
pathological condition. He gives no photographs and no description of 
the artificially produced Phoma spots by which others could judge as to 
the extent of their similarity with the skinspot pustules. 

Owen (7) conducted a series of experiments both in the laboratory and 
In the field, which are described in sufficient detail. The results, however, 
were either entirely negative or not decisive. Only In one experiment a 
“small number” of tubers inoculated in the field developed the typical 
skinspot after they were stored in a cellar from lifting time until April. 
It should be noted that this experiment was carried on In unsterilized 
soil in the field, and that— 

much blight was present sad a large number of the tubers had to be discarded. 

It Is not at all impossible that the latter fact may account for the absence 
of spots In one of the inoculated varieties and, perhaps, In the controls 
as well. On the other hand, the presence of “a few positive results’* 
which became evident only in April after several months of storage in a 
cellar can hardly be regarded as proof that this small subsequent develop¬ 
ment 'was actually due to the artificial inoculation in July of the preceding 
year, The possibility of contamination either in the field during the 
growing period or later In storage is not at all excluded. It Is not sur¬ 
prising, therefore, that the author arrives at the conslusion that-— 

it will be necessary to wait another season before the results can be confirmed or 
amplified. 

As yet, 120 further reports have been issued and the work, apparently, 
has been discontinued, at least temporarily, 

TRUE NATURE OF SKINSPOT 

While all the alleged causes of the skinspot disease lack convincing 
proof, a comparative examination of a large number of the affected tubers 
cannot fail to disclose a great similarity of these spots to the closed- 
pustule stage of powdery scab. The filamentous fungi invading the 
tissues of the pustules unquestionably complicate the conditions. Yet, 
whatever Is the effect of this subsequent invasion, there Is sufficient 
evidence that the original cause of this injury is the same as in powdery 
scab, ascribed to Spongospora subterrarfea (Walk,) Johns. This evidence 
Is presented hereunder. 








288 


Journal oj Agricultural Research 


Vo!, XXIII, No. 4 


MICROSCOPIC CONDITIONS 

Kunkel (j) lias observed the presence of the Spongospora plasmodia 
in the shrunken areas around the old sori. These the writer has not 
been able to detect in his sections of the skinspot pustules. The mature 
spore balls, naturally, are not to be found in the immature sori. Wol- 
ienweber (10) states that in his material “ Spongospora was absent alto¬ 
gether.” He does not explain what particular stage of Spongospora was 
sought in the pustelfaule ” spots or by what methods its absence was 
ascertained. The difficulty of demonstrating the plasmodium in the 
pustules of skinspot may find its explanation in the fact that at certain 
stages of its development it may, apparently, disappear from the spaces 
it has formerly occupied. This phenomenon has been noted by Kimkel 
(i) even in very young sori. He states: 

Just beneath the epidermis can be seen the dark intercellular spaces which were 
previously occupied by the infecting plasmodium. 



RSo. j drawing of a section through a typical skinspot pustule, showing the tapering 

spread of the infection between the cells. In several cases the infection has penetrated into the cells. 
A mass^of broken-down cell walls is shown in the center of the spot. Some cells are slightly enlarged, 
the "smxit marked by the arrow is probably the place of origin of infection. No hyphae have been 
observed in this spot 

(See also Ms plates XXXIX, XU, and XLII.) Aside froin tMs the 
general appearance of the vertical sections through the raised pimples of 
skinspot is very characteristic of the condition within the closed sorus 
of powdery scab (fig. i). The center is usually filled with a disorganized 
mass of broken-down cell walls. This debris is surrounded on all sides 
by darkened intercellular spaces, indicating the path of infection. The 
infection spreads between the cells in the form of characteristic tapering 
projections. Occasionally a portion of the cell wall is destroyed and the 
infection extends into the cell. In some sections hypertrophied cells 
may also be observed. Fungus hyphae are entirely absent in.a certain 
number of the pustules, which is fully in accord with the results of isola¬ 
tions (Table i). Such spots may occasionally yield bacteria, but often 
when transferred to plates they remain sterile. In certain other spots 
the mycelium, although present, may be found only in very small 
.quantity, dissociated from the apparent course of infection and obviously 
out of proportion to the area presumably killed by this mycelium. 










I ML 37, 1533 


Relation of Potato Skins pot to Powdery Scab 


289 


The formation of new cork in the skinspot pustules on the border line 
of the diseased and the healthy tissues is also very significant and con¬ 
tradictory to the supposed progress of the disease. This process of cork 
formation Is not invariably associated with the spots, though it may be 
seen in a considerable number of the specimens. Owen {7) gives a draw¬ 
ing of a section through a pustule of skinspot which shows distinct layers 
of new cork below the affected areas. Doubtless this phenomenon signifies 
that the parasite, after killing several layers of cells unhindered in its 
attack, finally ceased its activities, after which the host tissues erected a 
barrier between the dead and healthy regions. It is the course diamet¬ 
rically opposite to that which we would expect in Oospora pusiulans , which 
is said to be invisible at lifting time but develops a considerable injury 
toward spring, or about the month of April. It should, therefore, at, 
this, time of the year be in its most active stage and not in a dormant state... 
On the other hand, the phenomenon of cork formation is quite in harmony 
with the progress of powdery scab. The active parasitic stage of the 
latter develops in the field during the growing period of the tuber. As ob¬ 
served by Ktmkel (j), a certain degree of saprophytic activity of the fun¬ 
gus plasmodium develops in storage. This secondary infection results in 
dry-rot areas around the sori. However, it is, apparently, very slight 
with some spots and may be entirely checked with others. The cicatri¬ 
sation in such cases is obvious. 

ABSENCE OF THE SKINSPOT FUNGUS 

During the years of 1920 and 1921 the writer had an opportunity to 
examine and study an abundance of material showing skinspot infection. 
This material was secured not only from England but also from other 
countries. It is believed, therefore, that a comparison of cultures isolated 
from this material will be of special value and interest. The various sam¬ 
ples from which isolations were made are as follows: 

1. Several tubers from British Columbia, crop of 1919, received in 
spring of 1920. Pustules only slightly raised above the surface of the 
tuber. 

2. 'Five tubers from Dr. A. D. Cotton, England, crop of 1919, received 
in spring of 1920; sent upon request as representative samples of the 
skinspot disease. 

3. Several lots of wart-resistant varieties shipped from England for 
work in Pennsylvania, crop of 1919, received in the winter of 1919-20. 
(PL x, A to H, and PI. 2, C and D, show some of these tubers.) 

4. Tubers from various consignments of Danish potatoes received at 
the port of New York, crop of 1919, collected in early spring of 1920, 
(PL 2, B, show r s one of these tubers.) 

5. A sample of potatoes from New Castle, England, secured, by Federal 
Horticultural Board inspectors in the spring of 1920. 

6. A .sample of potatoes from Edinburgh, Scotland, secured by Federal 
Horticultural Board inspectors in the spring of 1920. 

7. A sample of potatoes from Ireland, secured by Federal Horticultural 
Board inspectors in the spring of 1920. 

S. Two samples of the diseased tubers sent by Prof. J. W. Eastham,. 
British Columbia, crop of 1920, received in the winter of 1920-21. 

9. A number of tubers from the progeny of the infected English va¬ 
rieties (sample No. 3) planted in Pennsylvania in 1920, isolations made in 
the spring of 1921. € 

22330 — 2 $- 6 
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10. Tubers showing closed-pustule stage of powdery scab collected by 
the writer at Vancouver, B. C., In the fall of 1920. They were thoroughly 
washed after digging and stored for winter In a laboratory refrigerator. 
Isolations were made In March, 1921. (One of these tubers is shown in 
PL 3* A. ) 

11. Irish Cobbler tubers from Maine, crop of 1920, showing immature 
sorl of powdery scab. Isolations were made in the winter of 1920-21. 
(One of these tubers is shown in PL 3, B.) 

12. The same material as in the preceding sample, but isolations were 
made from mature son. 

Isolations were made from each of these samples and the results are 
presented in Table I. 


Table I .—-Results of isolations from the skinspot pustules and ike son of powdery scab 


Number <A the sample. 

Number 
of spots 
from 
which 
isala- 
ttoos 
■ were 
made. 

Number 
of spots 
which 
yielded 
no 

growth. 

| Number 
Number | of spots 
of spots | which 
which | yielded 
yielded j rnlscel- 
Ocsportz j laaeous 
tmsfar j fungi 
Imu. and 

1 bacteria 
1 

Remarks, 

1 ... 

27 

3 

; 

1! 

23 

6 spots yielded Fusarium spp. 

2................. 

60 

3 

49 t 

■ 1 

8 

3 out of 5 tubers (42 spots) yielded 
exclusively Oospora pustulans . 

3 ... 


5 

1 

I 6 ' 

4 

No isolations were made from the 
open pustules shown on the 
photograph. 

4 ***.. 

24 


! ID ; 

12 

Samples showed no mature sori of 
powdery scab. 

5................. 

6 

0 

S : 

i 

1 

Sample similar to the preceding 
one in appearance. 

6................. 

6 

; 0 

3 3 

Do. 

7 .*-*. 

6 

j 0 

6 : 

0 

Do. 

S.... 

| 34 

! 2 

j 

6 j 

26 

■ 1 sample (12 spots) yielded no 
culture of Oospora pustulans. 

9 —.. 

! 60 

0 

0 

: 

60 

The predominant culture in this 
case' was Colletotrichum aim - 
meniarium (Berk, and Br.) 
Taub. 

1 Phoma sp. and 1 Veriicillium sp. 

10. 

! 12 

j 10 

0 

2 

II... .. . . . . 

j 12 

! 7 

0 5 

Only 1 sorus yielded Phoma sp. 

12. .............. . 

. 35 

1 3 1 
1 1 

O ; 2S 

16 sori yielded Phoma sp. and the 
remainder miscellaneous fungi. 

Totidjhf 1 to 9 
■(a ah 0 u b t e ct 
skinspot). : 

j 238 : 

j x 5 j 

86 

137 

Oospora pustulans 36.1 per cent. 

Total erf 2*3* 5 » 1 

and 7 (English \ 
material). I 

93 j 

s j 

69 | 

16 

Oospora pustulans 74.2 per cent. 

Total erf i, 4, 8, | 
and 9 (Ameii j 
caa and Danish j 
material). 

MS | 

1 

! 

1 

| 

7 

' i 

i 

5 . 

121 

Oospora pustulans 11.72 per cent. 


These results of Isolations made from various lots of material in 1920 
and 1921' show that Oospora pustulans Is by no means the only invader' of 
the skinspot pustules, since it comprised 36.1 per cent, or slightly above 
one-third, of the total isolations from the undoubted skinspot material. 
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Nor is Phoma sp. alone in attacking the Sponges para sori in Maine. In 
addition to a certain proportion of sterile plantings, that is, those which 
yielded neither fungi nor bacteria, a considerable percentage of organisms' 
other than O. pustulous was obtained from authentic skinspot material. 
Especially striking is the complete absence of the supposed skinspot 
fungus from the typical pustules of the disease developed on potatoes 
grown in Pennsylvania. The largest number of O. pus Mans cultures 
was isolated from, the tubers grown in the British Isles {69 out of the 
total number of 86 O. pustulans cultures, or 74.2 per cent, of all the plant-* 
ings made from English material). A somewhat smaller proportion was 
obtained from Danish specimens and a still smaller one from the samples 
received from British Columbia. None was isolated from the skinspot 
pustules which developed on potatoes grown in Pennsylvania. 

It is not surprising that plantings of the diseased tissues did not yield 
Spongespora subterranea . So far only one worker (j) has reported 
success in culturing this organism; and, furthermore, these cultures 
were obtained by germinating the mature spore balls which are not yet 
present in the closed sori. 

That a considerable number of the true powdery scab sori are likely 
to become invaded by some secondary parasite is not a new discovery. 
Previous studies of this disease in Maine revealed the fact that even in 
good storage conditions 30 to 75 per cent of the tubers infected with 
powdery scab suffer from a secondary rot due to Phoma tuberose. The 
colored plate accompanying the paper cited here (4) shows two tubers 
with a number of closed sori. The latter have a depressed border and 
a raised center corresponding to the characteristics noted in connection 
with skinspot in England; but the organism responsible, at least in part, 
for this condition in the latter country is apparently Ornpora pustulans. 
In Germany, WoUenweber’s (To) work indicates, that a similar effect is 
produced by a species of Phoma different from that occurring in Maine. 
The principal invader of the skinspot pustules in Pennsylvania appears 
to be CoUetotrickum atramentarium. This predominance in this connec¬ 
tion of a certain species of fungus in a given country is an interesting 
phenomenon worthy of further study. It raises a question as to the 
r 61 e of climatic conditions in developing an intricate relationship within 
the fungus world, and in this case relationship between the powdery 
scab parasite and the secondary invader. It does not, however, solve 
the problem of the original cause of skinspot. It has long since become 
a commonplace in the science of plant pathology that the association 
of a certain fungus with the dead host tissue does not necessarily signify 
that it is the primary cause of death. It may as well denote any one 
of three other possibilities, namely, a secondary invasion of a parasitic 
nature, a saprophytic existence on the dead stratum, or a parasitic attack 
on the primary parasite. Fusarium spp. isolated by the writer from the 
skinspot pustules are, undoubtedly, secondary parasites, while such miscel¬ 
laneous fungi as PmiciUium sp. or Actinomyces sp. probably live there 
saprophytically. The part which is actually played in the potato tissues 
by O. pustulans as well as that by Phoma eupyrena or C otmmenMrmm 
remains as yet to- be shown. 'The writer’s laboratory inoculations of 
healthy potato tubers with O . pustulans t like, those reported by Owen (7), 
gave 'entirely negative results. 

It is not difficult to culture Oospore pustulans whenever the spots are 
actually invaded by this fungus. Therefore, the disagreement of the 
various Investigators as to the cause of skinspot does not. by ■ any means 
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signify their inability to secure this organism in culture, were it always 
present in the diseased tissues. It is merely a reflection of the actual 
state of things. Their conclusions were determined mainly by the prev¬ 
alence of one or the other semisaprophytic fungus in their cultures or by 
the absence of any apparent growth, as the case might have been. So 
far as the primary cause of the trouble is concerned, they were dealing 
with an organism which is far from being readily culturable by our usual 
laboratory methods. 

VARIOUS STAGES ON THE SAME TUBER 

While it is possible to single out many tubers which are covered only 
with the closed pimples to which the name skinspot is applied, yet in the 
examination of large quantities of infected material one is likely to find 
a certain number of specimens, varying perhaps with the seasonal condi¬ 
tions, which show all gradations in the development of the sort. It is 
rather difficult and sometimes impossible to determine whether the 
closed pustules in such cases should be classed as skinspot or powdery 
scab (PL i, E to H). Like difficulty may be encountered in an examina¬ 
tion of some unquestioned powdery scab material, grown, for instance, 
in Maine or Canada (PL 3, A, B, C). 

An interesting question arises as to why in certain years there is an 
abundance of immature sori of the Spongospora scab. Theoretically 
speaking, this condition may be due either to an early check in the develop¬ 
ment of the disease or to a late infection. Both may be brought about 
by drouth an d aided by the varietal response of the tubers. It is probable 
that late varieties with a later formation of tubers are more likely to show r 
undeveloped powdery scab pustules, especially under adverse conditions. 

During the latter part of September, 1920, the writer visited Sea Island 
anil Lulu Island in British Columbia. A number of fields were examined 
on which it was said skinspot infested crops were produced in the 
preceding years, but no signs of the disease were noticed. Neither was 
the well-developed stage of powdery scab common. The local workers 
explained that the last two seasons had been very dry and in consequence 
powdery scab was practically eliminated. On the other hand, 1919 was 
the year when skinspot made its pronounced appearance and was noticed 
in abundance by United States inspectors and pathologists. 

An early stage of Spongospora infection is usually not conspicuous at 
harvesting. The infected, spots are not dark in color until they are 
exposed to the drying which takes place after lifting. .During the’ long 
period Pf storage' the tubers gradually lose moisture and shrink. The 
hard, dry, dark pustules then become elevated, especially when they 
'become invaded by saprophytic or semisaprophytic organisms. 

DISCGUORATION AND ARRANGEMENT OF THE SKINSPOT PUSTUEES 

'■Upon lifting the epidermis the majority of the spots show a peculiar 
chocolate-brown or olive-brown discoloration of the affected areas. 
This discoloration has frequently been described in the literature as very 
' characteristic of powdery scab. It is not known to be so constantly as¬ 
sociated with any other disease of the potato tuber. The arrangement 
of the pustules over the skin is likewise very suggestive of the Spon¬ 
gospora scab. Although often scattered without any definite order (PL 
2, D), as is also the case with indisputable specimens of powdery'scab 
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(PI. 4, A), they are frequently arranged in a certain peculiarly regular 
manner, as for instance, in the form of bands or stripes (PL i, A; PL 2, 
B, €), rings (PL 1, G, D) and aggregations, particularly at the stem 
end (Pi. 2, A; PL 3, A). All this is very typical of powdery scab (PL 4, 
B, C, D). 

geographical distribution of skinspot 

It is a striking “coincidence*'* that this disease occurs only in those 
countries, or in those sections of the countries, where climatic conditions 
favor the development of powdery scab. It has not yet been reported 
from those parts of the world where the latter is unknown. Thus, it is 
prevalent in the British Isles, exists in Denmark and Germany, and is 
established in parts of Canada. Occasional specimens showing closed 
pustules were observed in Maine, and they were always identified as the 
immature stage of powdery scab. It has developed recently to a slight 
degree in the elevated regions of Pennsylvania. Xo other similar trouble 
has been discovered in any other section of the States in spite of a con¬ 
tinuous influx of skinspot infected potatoes from Europe. This is exactly 
the behavior of powdery scab. The writer planted a large quantity of 
Oospora pusfulans material at Arlington Farm, Va., in 1920, but no spots 
were observed on new tubers either at harvest time or in the spring of 
1921. The same negative results were obtained with tubers planted in 
the greenhouse at Washington, D. C., and grown in various kinds of soil 
and under various conditions of moisture. Although the powdery scab 
sori may develop in Washington greenhouses, this is known to take place 
only when tubers with the mature spore balls are planted. It has not 
yet been ascertained whether the organism in the closed pustule stage 
•can readily, if at all, become a source of infection of the new crop. 

SUMMARY AND CONCLUSIONS 

Evidence is submitted in the preceding paragraphs which show that: 

(1) Neither Oospora pustulous nor any other filamentous fungus or 
environmental conditions mentioned by previous authors in connection 
with skinspot are proved to be the primary cause of the disease. 

(2) Oospora pustulans is prevalent in England, and probably in some 
geographically proximal countries, but is either rare or entirely absent 
in the skinspot material grown in America. 

(3) The various peculiar characteristics of the skinspot disease, as well 
as its geographical distribution are fully in accord with our present 
knowledge of powdery scab. 

(4) Certain of these peculiar features can not be satisfactorily ex¬ 
plained apart from the identity of the two diseases. 

(5) The dosed or immature sori of powdery scab present no apparent 
difference from the pustules of skinspot. 

(6) The fungi associated with the spots in question are mainly secondary 
invaders developing during the storage period. 

(7) These secondary invaders do not belong to one species, nor even 
to one genus, but vary with the country, their prevalence being deter¬ 
mined perhaps by climatic conditions and the flora of the soil 

(8) Their presence in the sori of powdery scab is altogether unnecessary 
to give them the appearance of skinspot. 

This evidence leads us to the conclusion that the skinspot pustules are 
essentially .and primarily the closed or immature sori of powdery .scab. 
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They are, however, frequently invaded during the period of storage by 
various filamentous fungi, in part saprophytes. In the light of this con¬ 
ception of skinspot we can understand the failure of this disease to 
spread in the United States in spite of numerous and continuous impor¬ 
tations of infested material We may further rest assured, so far as our 
knowledge of powdery scab goes, that the skinspot stage of the latter 
can never become a serious menace to the potato industry in this country. 
The term skinspot has no right to existence, except perhaps for practical 
convenience as a designation of a certain stage of powdery scab. 
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PLATE i 


Various stages and arrangements of the typical skinspot pustules. Some tubers 
show mature sod of powdery scab also. All eight specimens, were grown in England. 

A. —Stripe arrangement of the pustules. 

B. ~Perfectly Sat spots. 

C. D.—Circles of the sori. 

E to H.—Mixed stages of maturity of son. 









PLATE 2 

Closed and half-dosed son. 

A,—Aggregation of son at the stem end of a tuber from Seotlaad, 

Bv—Stripe arrangement on tuber taken from a mimpmmi off Danish potatoes* 
G.—Semicircle of pustule, 

D.—Promiscwas distribution of pustules over the surface ©C the fuller. 

C and B were received from England, 




PLATE 3 

Tubers ifeowwf Immature closed and half-closed son of powdery scab, most 
closely approdcfelng the perfect skinspot stage: A, from British Columbia; B and C, 
imm iiitime* 
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PLATE 4 

Typical open sort of powdery scab, illustrating the distribution of the pustules: A» 
promiscuously scattered over tlie surface of the tuber; B, in a semicircle; C. In. an 
aggregate at the stem end; D, as a band encircling the tuber. 
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USE OFf ALTERNATING TEMPERATURES IN THE 
GERMINATION OF SEEDS 1 

By George^T. Harrington 

Formerly Scientific Assistant?Seed-Testing Laboratories , United States Department of 

Agriculture 

INTRODUCTION 


The helpful use oUdaily alternations of temperatures in the gernxina- 
tion of certain seeds grew out of observed differences in germination in 
light as compared with that in darkness, and the resulting controversy 
as to whether the favoring effect of light was due to the heat rays or was 
photochemical in nature. 

fe~'Ciesiar (3) 2 in 1883 secured better germination of Poa nemoralis in 
yellow (therefore warm) light than in white light, although violet (there¬ 
fore cold) light gave no better germination than was secured in darkness. 
Pickholz (19), working with Poa pratenis , later reported similar results 
which indicated that the heat rays were more effective in germination 
than the light rays. While this conclusion has not proved to be true 
with all light-sensitive seeds, it has with some kinds; and the investiga¬ 
tions which followed Cleslaris work led to the definite policy of germi¬ 
nating many kinds of seeds with a regular daily alternation of tempera¬ 
ture. Usually about 20° C. has been used as the lower temperature and 
about 30 0 as the higher' temperature, the higher temperature being main¬ 
tained for from four to eight hours each day. Many other alternations 
have been used experimentally with good results. 

The year following Cieslar’s publication Yon Eiebenberg (16) showed 
that Poa pratensis germinated better when kept at 20° C. for 19 hours 
and at 28° for five hours of each day than at either 20° or 28°, constantly 
maintained, and that this alternation of temperatures took the place of 
exposure of the seed to light. Since then others (j, a, 6, 7, 8, 9, jj, 15, 
17, 18, 19, so, 21) have shown a favorable effect of temperature alterna¬ 
tions upon the germination of many kinds, of seeds. Usually a daily 
alternation has teen used. Heinrich (jj), however, showed that a very 
beneficial effect was produced in some cases by a definite temperature 
change once in five days. Uehman (15) argued that a similar favorable 
effect was produced by temperature changes without definite or .dally 
alternations, and Gassner (6) showed that only a few hours at a low 
temperature followed by a single change to a higher temperature induced 
'maximal germination of seeds of Paspalum (M&kdmm, which, would not 
geminate well without previous exposure to. the low temperature. 
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Haberlandt (10) and Eidam (5) have suggested temperature effects 
upon the water'intake of seeds as a possible cause of the favorable effect 
of temperature alternations upon germination. This hypothesis seems 
hardly tenable, since certainly some and probably most seeds whose ger¬ 
mination is favored by temperature alternations take up at any tempera¬ 
ture more water than the minimum required for germination. Von 
Llebenberg (16) suggested that the reserve materials made available at 
any given temperature were wholly or largely used up in respiration, but 
that a slight surplus, becoming soluble at higher temperatures, is avail¬ 
able for growth when the temperature is lowered with consequent reduc¬ 
tion in the intensity of respiration. Gassner (7) considered the effect of 
temperature alternations upon the germination of Chloris ciliata to be 
entirely a matter of oxygen relations. In line with Qassner’s conclusion 
Vanha (21) called attention to the fact that differences in temperature 
between the different parts of the seed, the germinating bed, and the 
outer air following a sudden temperature change cause different gas densi¬ 
ties which may set up lively gas movements leading to removal of C 0 2 
and renewal of oxygen—conditions favorable to increased respiration and 
probably to germination. 

Probably none of these hypotheses can furnish a complete explanation 
of the effect of temperature alternations, but they point the way for an 
attack upon the problem. A detailed study of the respiration and 
internal changes of the seeds at different temperatures would probably 
help in its solution. The respiratory quotient of dormant apple seeds 
decreases with decreasing temperature, and vice versa. If this is true of-*’® 
dorm,ant embryos generally, there may be at low temperatures an accumu¬ 
lation and actual metabolism of oxygen in a form which becomes immedi¬ 
ately available for the inception of growth processes when the seeds are 
placed at the higher temperature. This hypothesis is in some respects 
the converse of that of Von Liebenberg (16), but it does not stand in 
opposition to that of Vanha (21) or to that of Gassner (7). 

The purpose of the present paper is not to discuss the possible explana¬ 
tion of the effects of temperature alternations upon germination but 
merely to show somewhat more in detail the nature and extent of such 
effects. 

EXPERIMENTAL WORK 

Several years ago seeds of carrot (Daucus carota L-), celery (Celeri 
gmvmkns (L.) Britton), parsley (Petroselinum horiense Hoffm.), and ■ 
parsnip (Pasiinaca saliva L.) were tested for germination at 15 0 , 20°, 
25°s 30°, and ^35° C., and with every possible alteration between these 
temperatures in which the higher temperature was maintained 7T2 hours 
'and the lower temperature i6J4 hours of each day—a total of 5 constant 
temperatures,and 10 temperature alternations. The temperature alter¬ 
nations, were accomphshed by transferring the trays with their load of 
seeds from one germiaatiom chamber to another and back again each day. 

Under nearly all of these 15 temperature conditions, germination tests 
of seeds of the following grasses were made: Timothy (Phleum pmiense 
L*) ? awnless broxne grass {Bromus inermis Leyss.), perennial rye grass 
(Lolium perenne L.), Italian rye grass (Lolium muliiflorimi Lam.), 
meadow-fescue (Festucd elutior L.), orchard grass (Dactylis glomerata L.), 
redtop, (Agrosits polustris Huds,), Kentucky bluegrass (Poa praiensis . 
L.) f and Bermuda grass (Caprioja dactylon (L.) Kuntze). 
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In these germination tests it was not possible with the equipment 
available to control the temperatures absolutely, but except for 15 0 and 
20° C. the fluctuations were very slight. Even with these lower tempera¬ 
tures the control was sufficiently accurate to give reasonably reliable 
results, as will appear later. 

Seeds of celery and redtop were tested on top of four thicknesses of 
moistened blotting paper. Kentucky bluegrass and Bermuda grass 
seed were tested with the Jacobson apparatus (4, p. jj) . The other kinds 
were tested between moistened blotting papers, two thicknesses below 
and two above. 

The following year a study was made of the actual progress of tempera¬ 
ture changes in the interior of the germinating chambers in a variety of 
temperature alternations, and these temperature changes, with the 
resulting effects upon the germination of a number of kinds of seeds, were 
compared with data obtained from field experiments. 

About two years later a number of kinds of flower seeds were tested at 
very accurately maintained constant temperature from 15 0 to 30° C. 
with a large number of temperature alternations. Some kinds were 
tested also in an ice box. 'The kinds studied were balsam { Impatiens 
balsamina L.)> California poppy ( Eschscholtzia calijarnica Cham.), candy¬ 
tuft (I her is amara L.)» cosmos (Cosmos bipinnatus Cav.)» belvedere 
(. Kochia scoparia (L.) Schrad.), larkspur (Delphinium ajacis L.), mari¬ 
gold ('Calendula officinalis L.), mignonette ( Reseda odorata L-), nastur¬ 
tium (Tropaeolmn majus L- and T. minus L.), pansy ( Viola tricolor L.)» 
petunia (Petunia hybrida Hort.), Chinese pink ( Dianthus chinensis L.), 
poppy (Papover spp.), portuiaca (Portulaca grandiflom spelndens Hort.) s 
snapdragon (Antirrhinum majus L.), sweet pea ( Lathyrus od&ratus L.)» 
and zinnia (Zinnia elegans Jacq.). The larger seeds were tested between 
wet blotters or wet canton flannel and the smaller ones on top of wet 
blotters. 

More recently a careful study was made of the germination of Johnson 

grass seed (Helens hatepensis L.) under accurately controlled temperature 

conditions, moistened blotting paper disks in 100-mm. Petri dishes being 
used as a germinating bed. 

In the germination tests of each series duplicates of 100 or 200 seeds 
each were used. The seeds used were fully after-ripened except as 
indicated later in certain tests of Johnson grass seed. The tests whose 
results are presented in this paper are typical examples of a large number 
of tests of the same kinds of seed. 

The results of the first and third series of tests will be presented 
briefly and then the results of the tests of Johnson grass seed will be 
given more in detail, reserving the study of the alternations and com¬ 
parison with field data until last. On account of the nature and com¬ 
plexity of the data dealt with, the results can in general be presented to 
best advantage in graphic rather than in tabular form. 

RESULTS OF THE EXPERIMENTS 
X. SEEDS GERMINATING AT CONSTANT TEMPERATURES 

Seeds of timothy, awnless brome grass, both species of rye grass, 
meadow fescue, carrot, and parsley and all of the flower seeds ger¬ 
minate nearly or quite as rapidly and ^mpletdy at favorable constant 
temperatures as with any alternation of temperatures. The most 
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favorable constant temperature for the different species varied from 15 0 C. 
for larkspur and poppy seeds to 22.5 0 or 25 0 for petunia seed. Some 
kinds of seed germinated equally well with a wide range of tempera¬ 
tures, while for others there was a very definite temperature optimum. 
For instance, larkspur seed germinated much better at 15 0 , which rep¬ 
resents its optimum, than at 17.5 0 , while belvedere seed germinated with 



fts. 2.—Average rates wad perceatages 0! gmmnaUcm of two lots of carrot seed under t$ temper¬ 
ature conditions. 


equal completeness and with very little difference in rapidity at any 
temperature from 15 0 to 30°. 

Figure i 3 representing the average rates and percentages of germina¬ 
tion of two. lots of carrot seeds tinder 15 temperature conditions, illus¬ 
trates the behavior of those seeds which germinated well at constant 
temperature and were tolerant of a wide range of temperatures. The 
figure shows a retarding effect < 5 £ very cool or very warm temperatures 
and of alternations of temperature between extremes which are widely 







served in xne eariy days 
of the test were evened 
up toward the end, ex¬ 
cept with the warm tem¬ 
perature alternation 30° 
to 35 0 C. and at 35 0 
constant, 

2. SEEDS REQUIRING TEM¬ 
PERATURE ALTERNA¬ 
TIONS 

Seeds of redtop, orchard 
grass, Kentucky bluegrass, 
Bermuda grass, parsnip, 
celery, and Johnson grass 
required an alternation of 
temperatures for best ger¬ 
mination. Of these, red- 
top comes nearest to 
being a constant-tempera¬ 
ture germinator and Ber¬ 
muda grass stands at the 
other end of the series. 

REDTOP 


Figure 2 shows the av¬ 
erage percentages and 
rates of germination of 
three samples of redtop 


seed. 


Alternations 


tween extremes io° C. 


apart (20° to 30° and 25 0 
to 35°)' gave the highest 
results, with 5 0 and 15 0 
alternations only slightly 
lower but still somewhat 


ahead of the constant tem¬ 


peratures. As with the 


constant-temperature ger- 
minators, so here in the 
tests with redtop, constant 
temperatures below or 
very much above the 


optimum and alternations 
15 0 wide (20° to 35 0 ) re¬ 
tarded germination in 'the 


early days of the test. 
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of the actual mean temperature seems to predominate, except with 
the wide alternation 20° to 35 0 , over the influence of alternations as 
contrasted with constant temperatures; and it is only in the later days 


'/eS.T'W° /£±3£° 90*35* t/iSo*-” 



13 temperature conditions. 


of|the tests that some of the alternations prove their superiority. From 
the standpoint of rapidity of germination, alternations with 30° are 
preferable to alternations with §5° as the higher temperature. 





p> 


KENTUCKY BLUE-GRASS 

Figure 3 shows the average percentages and rates of germination of 
three lots of Kentucky bluegrass seed. Here the favorable effect of 
temperature alternations is strikingly evident and increases with the 
progress of the test. All of the low points in the graphs, except for the 
earliest count (seven days), represent germination at constant tempera¬ 
tures or with narrow (5 0 C.) alternations. A narrow alternation was 
more effective in a low temperature range (15 0 to 20° and 20° to 25 0 ) 
than in a higher temperature range (25 0 to 30 0 ). This has been found 


best germination. An alternation or ly retarded germination m trie 
early days of the test. The alternations 25 0 to 35 0 and 30° to 35 0 
were too warm for good results. 

It should be emphasized here that the beneficial effect of temperature 
alternations can not in any way be referred to a constant temperature 
equivalent to the mean temperature of the alternation or to the extreme 
temperatures of the alternation. Thus, temperature alternations with 
20 0 C. as either upper or lower extreme gave much better results than 
20 0 constant, and any alternation gave better results than either of the 
extremes of that alternation constantly maintained. Again, the ger¬ 
mination with the alternations 15 0 to 30° and 20° to 35 0 was approxi¬ 
mately three times as great as at their constant temperature equivalents, 
20 0 and 25 0 . 

At the same time it is possible to see an effect of mean daily tempera¬ 
ture supplementing the more important effect of the temperature changes 
as such. Since the higher temperature in each alternation was main¬ 
tained for approximately one-third of each day the mean temperature of 



good results, together with the average total percentages of germination. 
The germination increased regularly with increase in theme.au temperature 
of the alternation up to 23 0 C. and fell rather abruptly after this mean. 
There was a similar correspondence between mean temperatures and the 
germination of Johnson grass seed, but not with any of the other seeds 
which required alternations of temperatures for best germination. 


Table I .*—Temperature alternations, corresponding mean temperatures , and average 
percentages of germination produced in three lots cf Kentucky bluegrass seed 


Temperature altenmtion. 

Approxi¬ 
mate mean 
tempera¬ 
ture. 

Average j 
percentage 
of germi¬ 
nation. 

■ 

Temperature alternation. 

Approxi¬ 
mate mean 
tempera- 
time.. ■ ■ 

Aveage 
percentage 
©1 emiA- 

« c. 

15 to 20.............. 

15 to 25..... 

15 to 30.-- 

20 to' 25............. 

°C. 

16 i 

! 18 ! 

20 

21 

46 | 
48 j 

49 ! 
5* 1 

■ * ■ — 

0 c 

151035....'.I 

: 20 to 30.... 

1 20 to 35...... .. 

25*035. 

°C 

22 

23 

25 i 
25 

I : > 

58 

% 

56 

35 


Kentucky bluegrass is one of the kinds of seed with which Hartleb 
and Slulzer (1*2) secured much better germination at 30° C. than with 
an alternation between 20° and 30 0 . The results here reported, as well 
as the results of several other invesfigaiors, show that Hartleb and 
Sinker's results were unreliable and their conclusions false. 
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The temperature alternation giving best results in these tests (20° to 
30 0 C.) is almost identical in mean temperature with that (21 0 for 8 hours 
and 28° for 16 hours) which Vanha ( 21 ) in his careful and thorough 
investigation found most advantageous for the germination of this 
species. Brown (1) also recommended an alternation between 20° and 
30° for the germination of seeds of this species. 


15 * 15 * 20 * 20 * 15 * 25 * 20 * 25 * 25 * 15 * 30 * 20 * 30 * 25 * 30 * 50 * 15 * 35 ° 20 * 35 * 25 - 35 * 30 * 35 * 35 ' 



Fla '4.—Avemfe rates and percentages of germination ol three lots of cekryseed under i$ temper¬ 
ature conditions. 


CELERY 

• Figure 4 shows that celery seed germinated almost as completely at 
nearly constant low temperatures as with temperature alternations, 
though it. germinated more slowly. However, as the germination tem¬ 
perature'increased a relatively wyie alternation (io° C.) became impera¬ 
tive and still wider, alternation {15 0 or 20°) did no harm. As with Ken- 







Feb, 3,1933 Use of Alternating Temperatures in Seed Germination 303 


lucky bluegrass, Hie favorable effect of the alternations is not referable 
to the effect of extreme or mean temperatures but is the result of the 
changes in temperature. In several other tests of celery seed with better 
control of the lower temperatures, germination was much poorer at 
20 0 and with the alternation 20° to 2 5°, in comparison with other alter- 
nations, than in the tests represented in Figure 4. No other tests were 
made at 15 0 or with the alternation 15 0 to 20°. 

The slight fluctuations in the temperature of the cool germinating 
chambers were no doubt partly responsible for the high percentages of 
germination at low temperatures; but they certainly were not sufficient 
to explain the results entirely if the seeds required as wide alternations 
at low temperatures as at high temperatures and if no other significant 
factor was involved. Additional tests made at another time indicate, 
however, that other factors may be involved. Ninety-six simultaneous 
tests of celery seed from a single unusually sensitive lot were made in 
different parts of a single chamber, which was heated from below by a 
gas burner during the several hours of each forenoon and cooled each 
afternoon by a stream of cold water in the top of the water jacket around 
the chamber. The upper and lower temperatures were controlled by 
theraio regulators, and the lower temperature was held for about 15 
hours of each day. The seeds in the more rapidly cooled parts of the 
chamber germinated much more rapidly and completely than those in 
other parts of the chamber, though the extreme upper and lower tem¬ 
peratures reached were very nearly the same in all parts of the chamber. 
The actual range in percentage of germination in different parts of the 
chamber was from o to 32 per cent in 7 days, from o to 58 per cent in 
9 days, from 11 to 81 per cent in 11 days, from 41 to 91 per cent in 14 
days, and from 53 to 95 per cent in 21 days. After 21 days the seeds 
which had occupied the least favorable positions and had germinated 
most poorly were put in the most favorable positions, with the result 
that their germination soon increased to equal that of the seeds originally 
in the more favorable positions. 

Similarly, when the celery seed was daily transferred between two 
chambers constantly maintained at different temperatures and the cool 
chamber was cooled by a block of ice above the water jacket, as was done 
in the tests represented in Figure 4, the seeds germinated somewhat 
better if placed in the top of the cool chamber than if placed lower in the 
chamber where the temperature changes were less abrupt. 

In the tests discussed in the two preceding paragraphs the tempera¬ 
tures in the positions in which the seeds germinated best were almost 
always somewhat lower than in the other parts of the chambers. The 
differences in temperature were not, however, commensurate with 'the 
corresponding differences in germination. In the more rapidly cooled 
and constantly somewhat cooler parts of the cool chambers convection 
currents of air must have been more lively than in other parts, and this 
may have led to a significantly better renewal of oxygen in immediate 
contact with the seeds, as suggested by Vanha (21). Also there was a 
constant tendency in the cooler parts of the chambers for water from the 
air which had become saturated in the warmer parts of the chambers to 
condense upon the surface of the seeds. This condensation water would 
presumably be saturated with oxygen, which would be immediately 
available for the use of the seeds unless kept out by seed coats relatively 
impermeable to oxygen. While there is no direct evidence that oxygen 
relations really are Important here this possibility must be admitted* , 
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BERMUDA GRASS 

The favorable effect of temperature alternations is strikingly evident in 
Figure 5. A very narrow alternation. (5 0 C.) is almost without effect, 
and a io° alternation is much less effective than a 15 0 or 20° alternation. 





i%3. j.-- 4 -Average rates and percentages of germination of three lots of Bermuda grass seed under 13 

temperature conditions. 


Bermuda grass seed germinates at high temperature, its germination 
being better at 35 0 and with the«5° alternation below 35 0 than at lower 
constant temperatures or with 5 0 alternations in a lower temperature 
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range. In view of the temperature effects here manifested and the 
work with Johnson grass seed discussed later in this paper, it is unfortu¬ 
nate that experimental germination tests of Bermuda grass seed were 
not also made with still warmer temperatures, both constant and in 
alternation. 

ORCHARD GRASS AND PARSNIP 

These two kinds of seed required an alternation of temperatures for best 
germination. They were considerably more sensitive to temperature 
conditions, especially to the difference between constant temperatures 
and temperature alternations, than redtop seed (fig. 2.), but somewhat 
less sensitive than Kentucky bluegrass (fig. 3) or celery seed (fig, 4). 
With each of these two species even" alternation of temperatures except 
25 0 C. to 30° and 30° to 35 0 gave better results than any constant 
temperature. 

Reverse Alternations 

Parsnip and celery seed were tested with the alternations 25 0 C, for 
i8| hours and 20° for 7J hours each day in comparison with the alterna¬ 
tion 20 0 for 1 64 hours and 25 0 jh hours each day and with the similar 
alternations 30° to 20° and 20° to 30°. The alternations in which the 
cool temperature was maintained for the longer time gave uniformly 
better germination than the reverse of these alternations. The differences 
were frequently large, but with some lots of seed they were insignificant. 

JOHNSON GRASS 

It has already been pointed out (n): (1) That newly matured John¬ 
son grass seed is characterized by a dormancy which is not resident in 
the embryo but is imposed by coat structures and which is not entirely 
removed until after several months of dry storage, and (2) that both 
during 'and after the process of .after-ripening the seeds of this species 
germinate better at a high temperature and with temperature alterna¬ 
tions than at lower or constant temperatures. In the earlier paper (11) 
an alternation between 25 0 and 40° C. was given as the optimum tem¬ 
perature condition for the germination of this kind of seed, but later work 
has shown that the still higher temperature alternation 30° to 45 0 gives 
still better results. 

Figure 6 shows the average rates and percentages of germination of 
six lots of fully after-ripened Johnson grass seed under 12 temperature 
conditions, the higher temperature in each alternation being maintained 
from six to eight hours each day. 

The accelerating effect of warm temperatures is shown by the fact that, 
in contrast to all the kinds of seed hitherto discussed, Johnson grass seed 
germinated more rapidly in the early days of the germination test at 
constant temperatures than with the temperature alternations correspond¬ 
ing to a lower mean temperature, but just about the same as with tem¬ 
perature alternations corresponding to the same mean temperature. The 
high points in the graph for germination in two days all correspond to 
constant temperatures, but the points in this graph showing germination 
with the temperature alternations 20° to -35° C., 25°'t040 o J and30 o t0 45 o , 
fall on almost exactly the same levels, respectively, as those for the 
approximately equivalent, constant temperatures 25°, 30°, and.35 0 . 
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and the shape of the graphs representing germination became reversed, 
with the low points falling on the lines for constant temperatures. 

The alternation 30° to 45 0 C. gave best results, and 25 0 to 40° next 
best. 3 With the alternation 30° to 45 0 germination was more rapid at 
first, progressed at a more nearly uniform rate, and was more active in 


40°. With the latter alternation nearly all of the gemination occurred 
between the second and the sixth, days. 



(40°) many at this temperature and a few at a constant temperature of 
35 0 germinated only sufficiently to spread the heavy scales which inclose 
tiie caryopses by the slight elongation of radicle or coleoptile, after which 
growth ceased. These seeds were counted as germinated. When such 
seeds, after growth had stopped, were placed at a cooler temperature, 
either constantly or in alternations, normal growth ensued. One is re¬ 
minded here of Kidd & West’s work (14) in which a variety of agents 
induced growth in dormant white mustard seeds when used in concen¬ 
trations or degrees just falling short of causing serious injury to 'the seed. 



a given seed or above the optimum for its germination and the subsequent 
growth of the seedling, might Me in the fact that the seed is given the tem¬ 
porary and recurring advantage of an elevation of temperature without 
being subjected to the harmful effects of long-continued exposure to a 
high temperature. In this connection it should be remembered also that 
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With the extremely warm temperature alternation, 35 0 to 50° C*., the 
percentage of germination was low and the majority of the seedlings 
failed to make normal growth. 

Concurrent germination tests of the six lots of seeds whose germina¬ 
tion is represented in Figure 6 were made also at 15 0 , 45 0 , and 50° C. 
and with the temperature alternation 40° to 55 0 . Less than 1 per cent 
germinated at 15 0 C., and these made but little growth. At the higher 
temperatures none germinated in six days. These seeds were then 
given the temperature alternation 25 0 to 40° C. for seven days, followed 
by viability tests 4 with the alternation 30° to 45 0 C. -Viability tests 
showed that all but a fraction of 1 per cent had been killed by six days' 
exposure to 50° C. or the alternation 40° to 55 0 . A temperature of 45 0 C. 
for six days had killed more than half of the seeds of some of the lots, 
but only a few of the seeds of other lots. The seedlings produced were 
relatively weak. 


Differences between individual lots of seed 


Different lots of Johnson grass seed vary greatly in the readiness 
with which they germinate, and it has been found that poorly germi¬ 
nating lots are more sensitive to temperature conditions than lots which 
germinate more readily. This is illustrated in Figure 7 which repre¬ 
sents the total germination in 16 days of two of the lots included in the 
averages for Figure' 6. No. 8599 was grown at Arlington Farm, Va., 
and gave a fairly ready germination. The San Antonio lot was col¬ 
lected from wild plants near San Antonio, Tex., and gave poor germina¬ 
tion. While the general shape of the two graphs in Figure 7 is the 
same, favorable alternations and especially the best alternation, 30° to 
45 0 C. showed greater advantage over constant temperatures and less 
favorable alternations in the case of the San Antonio lot than in the 
case of the other lot. Viability tests 5 showed 94 per cent of the San 
Antonio lot and 95 per cent of the other lot to be alive and capable of 
producing vigorous seedlings. 

Effect of removal of the scales 

The effect of removal of the scales (glumes, or hulls) upon the germina¬ 
tion of Johnson grass caryopses has already been pointed out (u). The 
effect is illustrated in Figure 8, which shows the average percentage of 
germination in 13 days of two lots of seed intact and with the scales 
removed. The increase in germination as a result of removing the scales 
is especially noteworthy at the warm constant temperatures 30 0 , 35 0 , 
and 40° C. 

In the preceeding section it was shown that readily germinating lots 
were less sensitive to temperature conditions than lots which germinated 
poorly. Increasing the readiness with which a given lot germinates 
and at the same time diminishing its sensitiveness to temperature con¬ 
ditions by removal of the scales merely constitutes a special case of the 
previous rule. The rapidity of germination also is greatly increased by 
removal of the scales. 


< 6 m pa*e joy. 
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Effect of various lengths of time at the warmer temperature of an alternation 

Six lots of seed were germinated with temperature alternations of 
25 0 to 40° C. and 30° to 45 0 C., in which the seeds were in the warmer 
chamber two* four* six, and eight hours each day. Figure 9 shows the 
average germination. The numerals in the position of exponents to the 
temperature conditions at the top of the figure indicate the number of 
hours at the warmer temperatures. This figure illustrates again the 
fact noted in connection with Figure 6, that germination is more rapid 
during the first few days* proceeds at a more Hearty uniform rate, con¬ 
tinues for a longer time, and reaches a higher total percentage with. the 
alternations 30° to 45 0 than with the alternations 25 0 to 40°. Eight 
hours daily at 45°, however* reduced the rapidity of germination in die 
first two days below that with the alternations 25 0 to 40 s . The rapidity 
of germination with the alternations 25° to 40° increased regularly as 
the length of time in the warmer germinating chambers increased. 

Differences in response of individual lots of seeds to these eight tem¬ 
perature conditions are shown in Figure 10 which gives the percentages 
of germination of three lots of seed in 13 days. 

No. 8604 was a readily germinating lot composed of.seed about 10 
months old. The germination of this lot was* within the limits of experi¬ 
mental error, identical tinder all eight temperature conditions. 

No, 1417 was about 2 years old. It germinated much better with the 
alternations 30° to 45 0 C. than with the alternations 25 0 to 40°, but showed 
little difference according to the length of time in 'the warmer chamber. 

The lot designated “San Antonio* 1917/' was harvested from wild 
plants near San Antonio, Tex,, a few weeks Wore the tests were made 
and had not after-ripened. In contrast to No. 1417, this lot germinated 
better with the alternations 25 0 to 40° C. than with those 30° to 45 
with both sets of alternations the percentage of germination decreased 
with increase in 'the length of time in the warmer chamber. At the end of 
13 days this lot of seed was still germinating at the rate of about X P^ 
cent per clay, more rapidly with the alternations 30° to 45 0 C than with 
the alternations 25 0 to 40°, so that the germination with the two sets 
of alternations would have become more or less equalized with longer 
germination period. Whether the difference between this lot and No. 1417 
is characteristic of differences between old seed and fresh seed not after- 
ripened is not known. Seed from the same locality as the San Antonio lot, 
collected one year earlier and tested at the same time, germinated, better 
with all four of the alternations between 30° and 45 0 C. than with the 
alternations between 25° and 40°, in this respect resembling No. 1417. 
Furthermore, it is known that the germination temperatures of some 
seeds change with the progress of after-ripening. At any rate the differ¬ 
ences obtained here illustrate the apparent impossibility of finding any 
single temperature condition which will be the optimum for every indi¬ 
vidual lot of seed, regardless of its peculiarities or its previous history. 
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9.—Percentages of gennination of two after-ripened lots and one 
fresh lot of Johnson grass seed in 13 days with eight temperature 
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3. PROGRESS OP TEMPERATURE CHANGES IN RELATION TO GERMINATION: 
COMPARISON WITH FIELD TESTS 

From December, 1911, to May, 1912, germination tests were made 
with about 30 kinds of seed, mentioned on p. 322, under 11 different 
temperature alternations. 

'•^Kentucky bluegrass seed was tested in the Jacobson apparatus (4); 
and the other kinds were placed between blotters or on top of blotters, 
according to the size of the seeds. Each chamber was constantly filled 



to its capacity. At the same time a study was made of the progress of 
temperature changes in several different parts of the chambers. These 
temperature records were supplemented later by a more detailed study 
of temperature changes in a much larger number of positions in chambers 
filled with moistened blotters, as when the germination tests were in 
progress, but this time without the seeds. From these records time- 
temperature curves were constructed. Before considering these curves, 
and in order to make their significance clear, it is well to introduce a 
brief description of the germinating chambers. 
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GERMINATING CHAMBERS 

All of the germination tests were made in copper chambers surrounded, 
except the door, by a water-jacket space, the water in this space being 
the medium, of temperature control. Figure 11 shows one of the cham¬ 
bers in median vertical section. 

The interior space of each germinating chamber is approximatelyja 
co-inch cube. A pan of water (a) in the bottom of this space maintains 
a nearly saturated atmosphere in the chamber. At intervals of 2 inches 
on the sides of the chamber are copper ledges (b) for the reception of 
perforated copper trays (c) which carry the seeds and which in the figure 
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Fig, i3..~*Dk«rani of a seed tray with folded blotters. The blotters are anabered fiwa i to x». 

axe numbered from 1 to 3 S beginning at the top. The gas for heating the 
chamber passes through the thermo-regulator (d) t which is inserted in 
the water jacket ( e ) and thence to the burner (/). The water for cooling 
the chaste: enters the water jacket through the rubber tube (g) and the 
perforated copper sheet (h). The overflow passes out through the waste 
pipe' (t). Whenever necessary, ice was placed in the ice box (k) and the 
water passed over it 'before 'entering the water jacket. The thermometer 
(!) indicates the temperature of the air in the extreme top of the chamber* 
Each seed tray except No. 8, on which bltiegrass seed' was tested with 
the use of the Jacobson apparatus, received 12 folded blotters (4 thick¬ 
nesses) for the small seeds, which were tested on top of blotters, and 24 
(8 thicknesses) for the larger seeds, which were teste! between blotters 
in duplicates placed on top of each other. Figure 12 shows the arrange¬ 
ment of the blotters upon a "seed tray. 
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Fig. i3.~Citrves showing changes of teiepefattirecmtopof wet blotters m different parts of a' 
chsxnfeer which was heated by & gas Same below for four bouts and then rapidly 
cooled by ice and mid water abort for three hours. 





tte, *4.—Curves showing changes of temperature within wet blotters in. a gtnasnatlog dtostlxr 
which was footed three hours, then held at a nearly coiastsst temp«ttire. lor three ooitia/aHd 
finally «»ffed daring; three boars. 


and cooling, especially of the seeds in the central parts of a chamber. 


These differences are illustrated in Figures 13, 14, 15, and. 16* 
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Figure 13 shows the temperature changes as read from thermometers 
whose bulbs rested on top of four thicknesses of wet blotting paper in 
four different positions in a chamber which was heated by a gas flame 
below for four hours and then immediately cooled for three hours by 
means of ice and water above. The eight trays were completely covered 
with four thicknesses of folded blotters. 

The curve for position 3 on tray 1 (near three walls of the water 
jacket) represents the most rapid and that for position 1 on tray 5 (near 
the center of the chamber) very nearly the least rapid temperature 



ij.—Carres showing temperature changes within wet blotters, when these were transferred 
two fifenniaatina: chambers at fixed temperatarfes. 

changes CNCcurring in any part of the chamber, the curve for position 2 
on tray 1 (near the middle of the insulated door) represents the least 
rapid temperature changes for that tray; and the curve for position 1 
on tray 8 (directly over the middle of the, pan of water) represents a 
relatively slow rate of heating and cooling, combined with a period longer 
'than in any other part of the chamber, during which the temperature 
was nearly constant in the neighborhood of the maximum temperature 
for that position* 

The extremes of temperature in different parts of the chamber wete : 
i.6° C. apart before the heating was begun, 3.2 0 when heating was dis¬ 
continued, and 4.5 0 at the end of the 7-hour period. With the discon¬ 
tinuance of rapid cooling at the end of 7 hours, of course the temperature 
in different parts of the chamber* became gradually equalized so that 
the temperature curves would converge if continued beyond the 7-hour 
period. 







chambers became broad and round at the top, Instead of sharp and 
narrow as in Figure 13, and the hlghest^temperature reached within the 
blotters was nearly the same in all parts of the chamber. Figure 14' 
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shows the temperature for a number of hours within folded blotters near 
the middle of trays 1,2, and 6, and also the temperature indicated by 
the thermometer in the top of the chamber. The effect is that of broad¬ 
ening the curves and displacing them to the left as viewed downward 
from the top tray. 

Three of the eleven alternations were secured by transferring the seed 
trays with the seeds upon them between two germination chambers con¬ 
stantly maintained at fixed temperatures. In this case the temperature 
changes taken altogether were more nearly identical in different parts of 
the chambers* and approximate equilibrium in temperature between the 
different parts of the chambers was assumed much more quickly than in 
the two types of alternations previously discussed. Figure 15 shows 
the temperature changes within wet blotters near the middle of trays 2 
and 6 in such an alternation. 

Figure 16 shows much more rapid cooling of the air in the top of a 
chamber which is being cooled by ice and cold water above than within 
the blotters on the seed tray just below this layer of air. Such differ¬ 
ences as here shown might be significant in determining whether, in a 
given case, a given kind of seed, for instance celery, will germinate better 
between blotters or on top of blotters. 

COMPARISON OF THE DIFFERENT TEMPERATURE ALTERNATIONS 

While the differences In the progress of temperature changes between 
different parts of a given chamber were frequently large, they were 
always less than the differences in the same part of different chambers 
which were used for different alternations. For the purpose of com¬ 
paring the temperature changes in the different alternations, a position 
near the center of tray 6 was selected. Figure 17 shows the time- 
temperature curves for this position In all 11 alternations, which are 
numbered from 1 to 11 for convenience. The curves were drawn from 
actual observations for the first 15 hours and were projected for the 
remaining 9 hours of the day. Since the Initial temperature varied in 
each case a few tenths of i° C. from day to day but was always very 
near 20°, the curves have been slightly rectified so as to begin each at 
exactly 20°. 

Alternations No. 1 to 3 were obtained by transferring between two 
chambers at fixed temperatures; No. 4 to 6, 8, and 10 by heating and 
then immediately cooling a single chamber; No. 7 and 9, by heating a 
chamber and then holding it for three hours at the highest temperature 
reached before beginning to cool it; No. 11 was obtained by heating a 
chamber and then allowing the temperature to fall naturally, without 
artificial cooling. The rates of heating and cooling were approximately 
the same from day to day in any one alternation. In all alternations 
after the temperature had fallen to 20° C. It was held nearly constant 
until heating was begun the next day. 

The alternations differed widely in maximum .temperature attained, 
mean daily temperature, and rate of cooling; but the heating was relatively 
rapid In all cases and the minimum temperature was the same in all cases. 
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GERMINATION ■WITH til* MTOHUtKT ALTERNATIONS 
x . Scc4« which germinated equally well with all alternations 

Seeds 1 1 caiT enetimber (Cucumis satizms L.), muskmelon {Cucumis 
m h l millet iChaeiochlm Ualim (L,) Scribn.)', onion {Allium cepa L.)» 
p irsley re Stop, sorghum (Holcus sorghum !*.), timothy, and. 'watermelon 
(Ciinilus vulgaris Schradt) germinated with equal completeness with ail 
of the temperature alternations from No. 2 to No. xi. They were not 
tested with alternation No, 1. 

Ficds of bean (Phasmlus vulgaris L.), beet (Beta vulgaris L.)» upland 
cotton. {Gossypitm hmutum L.), cowpea (Wgwa sinensis (Tomer) Savi), 
Sat pea (iJaihyms saiivus Lj, flax (Wfiaw usiiaUssimmi L.) ? hemp 
satims L a meadow fescue, milo (Holms sorghum L.), orchard 
gram pea {Pimm sativum L,)» rice iOryta saliva L.)» perennial rye grass, 
spy bean (Sofa nun (L.) Piper), Mack bitter vetch (Vida ervUia (L.) 
WllM.) were tested only with alternations Nos. 3* 5, 6, 7, and 9 but 
germinated with equal completeness with all of these, .alternations. 

Some of the kinds of seed mentioned in the two preceding paragraphs 
have been shown, in the earlier pages of this paper to germinate equally 
well sml others almost as well at constant temperatures as with any 
Alternation (see fig. 1* and p. 297). 

a. 'Seeds which did not geminate equally well with Ml alternations 

This class includes only three of the kinds of seed used in this part of 
the investigation; celery and bluegrass, which have already been shown 
strictly to require alternations of temperature for their best germination 
(see fig, 3 and 4 and text p, 299), and tomato (Lycopersieum esculenium 
Mill),. Table III shows the average percentages of germination of several 
lots of these three kinds of seed, together with a summary of the important 
features of each alternation, as shown by the time temperature curves of 
Figure 17. The germination period was 20 days for tomato, 26 clays for 
Kentucky bluegrass, and 27 days for celery. 

The percentage of germinatloa of each kind of seed showed no definite 
correlation with the .extreme or mean temperatures of the alternations 
or with the shape (whether narrow and. abrupt or broad and rounded) 
of the upper part of the curves in Figure 17. There was, however, a 
definite relation between percentages of germination and rate of cooling, 
as shown by the temperature at the end of 15 hours, the number of hours 
of the day during which the temperature, recorded was below 22.5° C, 
and the number of hours at 20° — changes shown by the abrupt or gradual 
fall of the right arm of the corresponding curves in Figure 17. 

ft must be admitted that the curves in Figure 17, which represent 
temperatures within blotters near the middle of the chambers, do not 
accurately represent the temperature changes occurring on top of blotters 
in the positions in which celery and bluegrass seeds were tested. It has 
already been shown, however (see fig, 13 and 17 and text, p. 320), that 
temperature' differences in any one chamber in a given alternation were 
less than the characteristic differences between the different alternations. 
In all these tests the chambers were equally filled and each sample occu¬ 
pied the same position within the chamber in each test. Irregularities 
dneyto varying positions are therefore eliminated, and the conclusion is 
justified that 221 elevated temperature should not be long maintained. 
This agrees with the results of tike reverse alternations discussed on 
page 305, 
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Table lll.~-OtrminaUon of celery t Kentucky bluegrass, and tomato iced -uzth 
11 temperature alternations 

Alternation number. i ; 2 ■■ 3 j 4 i 5 : $ j 7 \ 3 ; 9 1 so ; n 


Approximate maximum tem¬ 
perature (° C.).....'27, 528, 

Approximate mean temperature ; 

if C.). .......... v ........ .:ai. 5-21. 

Temperature at end of 15 hours ■ 

( S C.). ........-......... 4 020 '20 

Number of hours below 22.5' 0 C.. ,19 79 
Number of liours at ao° C........; 15 15 

*2*5 g (Celery: ! j 

& .£ ! 5 lots of good seed.,.... : .... ipS 

ft a 3 lots of poor seed... 139 
E 8f*§ 1 Kentucky blue grass: ' : ’ 

Ml 7lot*.;...65 « 

! S tc Tomato: 

< 4 lots ..i . ..... . 


* TSj* temperature in this altematkm sometimes 


!*q* 

5'j33*< 

028, 

533* 

a 28. 5; 


5 32* 

5,» 023 59* <2 

22. 

5122, * 

0 22, 

5:24. 

o‘r»3* 5. 

5 3 * 

5:^5* 

5 24 * , 

5 24* 5 

|20 

;2D 

21. 

5 '«. 

0.I22.3 

122, ; 

2125. 

072 . ‘ 

7,23.8 

l6 

■iiS 

74 

; 12 

■11 

111 

70 

IO 

; 8 

■12 

|*S 

i 4 

3 

j 3 ] 

: i 

3 

j 2 

! , 2 

;(°) 

4 

! 7 6 

1-8 

74 

■ 73 

72 | 

66 

67 

.67 

43 

.33 

■;3S 

; 3 * 

S5 

27 ; 

24 

20 

;a6 

ji6 

1-64 

: 

64 

63 

61 

59 ] 

5* 

60 

59 

7 q 

73 


*71 

: 68 

.66 j 


■.'59 




ii j i not fall to m® C. is the satire *4 hours* 


For best germination of the three kinds of seed here considered the 
temperature alter its initial rise to a higher degree should fall at least 
as low as 21.5 0 C. within 15 hours from the time the heating was begun„ 
should be below 22.5 0 for at least 12 hours of the day, and should be 
as low as 20° for several hours each day. These results could be 
attained by the method of transferring between two germinating chara- 



in this investigation the indications, both from the work on tomato seed 
recorded in this paper (Table III) and from Vanha*s work (ax), are 
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was most rapid with alternation No. 9 and least rapid with alternation 
No. 4, although the upper temperature extreme was practically the same 
in the two alternations. 

The germination of the seeds of the cucurbits was especially accelerated 
by the warm alternations. The average percentage of germination of 
watermelon seed in three days was 66 with alternation No. 9 and only 
6 with alternation No. 4. 

4, Uniformity of results with favorable altercations 

Some lots of seed are much more sensitive to temperature conditions 
than other lots of the same kind. Consequently, while the most favorable 
temperature conditions give with every lot approximately the maximum 
germination attainable* less favorable conditions (for general use) may 
give equally good results with some lots and very poor results with 
others. A really very good, but temperature-sensitive, lot of seed may 
thus under slightly unfavorable temperature conditions germinate more 
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weather was very warm. The temperature of the soil for the rest of 
June was only slightly warmer than in May. 

The temperature range for 24 hours at a depth of 1 inch was nearl 
always more than m° C, averaged about i6° } and not infrequently 
amounted to as much as 20°. The smallest range on any day was 
6° and the largest 23,5°. 



of the number of days before the appearance of the first seedlings and 
of the number of seedlings appearing at intervals of a few days thereafter. 
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O the seeds used in this field investigation, those o! beans, beet, 
imasktnelon, onion, parsley, peas, squash, tomato, and watermelon were 
included, also in the chamber tests with different alternations of tempera¬ 
ture previously discussed. It will be remembered that all of these except 
t< cnaio germinate i with equal completeness in all of the chamber tests 
but that the rapidity of germination varied according to the character 
of the alternation. 

The bean, beet, onion, parsley, pea, and tomato seeds produced the 
i, st seedlings in the smallest number of days during the moderately warm 



weather of May or during the latter hall of June, when the temperature 
was similar to that in May. Mitskmekm, squash, and watermelon seeds 
produced the first seedlings in the smallest number of days during the 
very warn weather of the first half of June 
It should be remembered la this connection that the production of 
sailings m the sot only the gemination of the seeds 

but the. piercing df; the overlying soil by the young seedlings—a process 
which refects the rigor of growth 0! the seedlings and may be retarded 
by excessively high temperatures, even when these same "temperatures 
hasten germination as with Johnson grass seed (see p. 307). Since, 
howi vhht, the seedlings ci the kinds of seeds here considered appeared 
r 3HBa! mi vigorous in all the alternations and also is the field, and 
since the chamber conditions .giving most rapid germination gave also 
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most complete germination, the rapidity of germination in the chambers 
has bees adopted as a basis for comparison with, the promptness of 
seedling production, in the field. The total percentage of seedling pro¬ 
duction is not considered here, because it is dependent upon other 
factors besides temperature conditions and does not allow of reliable 
comparisons in this connection. 

COMPARISON OF son, TEMPERATURES WITH TEMPERATURES IN GERMINATING CHAMBERS 

Figure 20 shows the time-temperature curves of three of the alterna¬ 
tions which are represented in Figure 17., in comparison with those for 
the soil at the depth, of 1, inch for four of the days during which the 
field tests were in progress. 

The curves for April 16 and April 29 show the widest and the nar¬ 
rowest daily range in soil temperature occurring during the investigation. 
Both of these days came within a cool period of very slow seedling pro¬ 
duction. The curves lor May iS and June 27 fairly represent the soil 
temperature during the 2 periods—the larger part of the month of May 
and the latter part of June—during which the majority of the kinds 
of seed produced seedlings most promptly. 

The soil temperature curves for May 18 and June 27 are similar in 
shape and range to those for chamber temperatures yet show some 
characteristic differences: (1) The lower temperature is well below 
2o c C. and the range is therefore greater; (2) the rate of cooling is less 
rapid than in case of the alternations which were secured by transfer 
between two chambers (No. 3) and much more rapid after about 5 p. m. 
than in the case of the alternations which were secured by heating and cool¬ 
ing a single chamber (Nos. 6 and 9}, except in the case of No. 4 (fig. 17). 
Both of these soil temperature curves conform to the requirements set 
for temperature alternations In chamber tests of Kentucky bluegrass, 
celery, and tomato seed (seep. 322)—that is, the temperature falls below 
2i*5° in less than 15 hours after it first rises above 20° and is below 
22.5 0 for more than 12 hours and as low as 20 for several hours of the 
day. Besides, the approximate mean temperatures for the day (23 0 
May 18 and 23.5 0 June 27) are just about die same as for some of the 
more successful alternations, as shown earlier in this paper, and are 
less than for the alternations Nos. 9, 10, and 11, which gave lower 
total germination, and in which the temperature remained relatively high 
during a large part of the day. 

COMPARISON €# TEMPERATURE CONDITIONS GIVING MOST RAPID GERMINATION IN THE 

chambers with those giving earliest seedlings in the field 

The smallest number of days required for the production of seedlings 
In the field was 4 days for bean and muskmelon seeds, 5 days for beet, 
pea, squash, and tomato seeds, 6 days for watermelon seeds, 8 days for 
onion seeds, and 12 days for parsley seeds. The average daily range in 
the temperature of the soil at a depth of 1 inch during this period of 
most rapid seedling production was determined by adding separately 
the maxitntim temperatures and the minimum temperatures for the 
separate days and dividing the sums by the number of days. Table IV 
compares these temperature ranges with those occuiring in the chambers 
in case of the temperature alternations giving most rapid germination and 
shows also in each case the approximate number of hours of each day 
during which the temperature remained below 22.5 0 C. 

The average daily range of temperature for most rapid seedling pro¬ 
duction in the soil was in every case greater than for most rapid 
25821—23--3 ■ ' -A 
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germination in the chamber tests. With all except the cucurbits (musk- 
me 1 jii sq sash, a-; 1 watermelon) the average daily mmimum was from 2° 
to 6 ° C. cooler in the soil th.au in the chambers. The average daily 
maximum was approximately the same in the soil as in the chamber in 
cast of bean, beet, and pea seeds; 3 0 cooler in case of onion seeds; and 
3,5° warmer in ease of parsley and tomato seeds. 



Wills the seeds of the cucurbits die average daily xxunimum tempera¬ 
ture of the soil when seedlings appeared most promptly was the same as 
or warmer thm that occurring m the chamber tests, and the average 
daily maximum was 7 C or B® C. warmer than the maximum m the chamber 
test giving most rapid gannunatKm, although the mean temperature of 
this alternation was wanner than that of any, other. 
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Table I ¥ » —Com pariso n of temperature conditions giving most rapid germination in the 
chambers with those giving earliest seedling production in ike field 

i Daily range of j 

! I tOTpemtiam ; Ntimbeff ; 

gmng most : ; ol teas- 

Kiadolstwi ! Place o! test, : mpld germiaa -.! 'P^rMme 

ticaior earliest 1 *&«*■ 

seedling j aa " 4 f tion.* 

: ; prod'iiclioa, ; 


Bean. 


Beet, 


Mmkmekm 


Onion,,,,, 


Parsley 

Pea,,..,, 


Squash.. * 
Tomato, 


Watermelon, 


® See figure t?. 

CONCLUSIONS SUGGESTED BY THE FOREGOING COMPARISONS 

Altogether Table IV and Figure 20 show a dose correspondence be¬ 
tween diamber temperatures and soil temperatures which gave most 
prompt germination of the seeds used. Undoubtedly a similar corre¬ 
spondence exists between the temperature conditions best fitted for arti¬ 
ficial germination tests of Bermuda grass and Johnson grass seed (fig. 
5 and IS and text p„ 304-305) and the soil temperatures during the period in 
which they geminate in nature in the warm climate of the places to 
which they are native. 

The results of the comparison suggest: 

1. For general use in conducting germination tests an alternation of 
temperatures covering a somewhat wider temperature range than the 
customary alternation between ,20° and 30 0 C., for instance an alternation 
between 20° and 32 0 C. However, if the alternation is secured by the 
method of transfer between two germinating chambers at fixed tem¬ 
peratures, probably better results would be obtained with many kinds of 
seed by the use of a temperature range less than that characteristic of 
conditions in the soil, where the temperature changes are less rapid and 
the period during which the temperature is near either extreme is shorter, 
la, view of these considerations and the additional fact that the warmer 
alternations Nos. 9 and 10 though giving more rapid gemination in many 
cases,, were less favorable in other cases than the cooler alternations, an 
alternation similar to No. 3 seems to meet the theoretical requirements of 
approximating 'with sufficient accuracy what may be termed optimal 
field conditions., 

2. For use in germination tests of onion seed an alternation of tempera- 
turn covering a 'cooler range than that of any of the alternations with 
which it was tested in this investigation. 

3. For the germination of seeds of the cucurbits an alternation of tem¬ 
peratures covering a warmer range fham any of those investigated. 

Whether or sot any advantage would be derived from, any of .these 
suggested changes in method remains for further experiment to show. 


I/Chamber.„..J 201033 ! 10 1 

* JSoil,,... . .i z8 to 33 i 22 : 

i/Chamber,. .1 20 to 33 : 10 ; 
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ratine might pa&tititf. be still better* 
in) For the germination of Johnson grass seed tlie very warm alter¬ 
nation y>" C for from iS to 22 hours &si 45 0 for from 2 to 6 hours each 


(12) Those lots of Johnson gi%ss seed which germinate most readily 
,:;der favorable temperature conditions are less sensitive to temperature— 
bat is, they germinate well under a wider range of temperature con- 
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dilions—'than those lots which germinate less readily even under the 
most favorable conditions, 

(13) A large percentage of some lots of Johnson grass seed will go 
thr ugh at least the first visible stages of germination and some of the 
seeds will develop apparently healthy seedlings at warm constant tem¬ 
peratures (33 0 to 40 0 G), but a part of the seedlings are abnormal and 
capable of "only slight development at these temperatures while ^ the 
percentages of germination remain below those for favorable alternations 
of temperature. 

(14) With alternations between 25° and 40 0 C. or between 30° and 45 0 
the length of time from two hours to eight hours during which the seeds 
are kept is the warmer chamber has little effect on the percentage of 
germination of fully after-ripened Johnson grass seed but affects the rate 
of germination somewhat more. 

(15) Removal of the scales from Johnson grass caryopses greatly 
increases their germination under relatively unfavorable temperature 
conditions, somewhat increases their germination with the most favorable 
temperature alternations, and considerably accelerates their germination 
in both cases. 

(16) The temperature changes to which the seeds are subjected in any 
given alternation vary with their position within the germinating chamber 
and with the method of testing (whether between or on top of wet 
blotters) and are in no case exactly the same as indicated by a ther¬ 
mometer inserted into the air in the top of the chamber. 

(17) The temperature changes giving best germination results with a 
large number of kinds of seed correspond rather closely with soil tempera¬ 

tures m the field under conditions which induce the most prompt and 
vigorous production of seedling*. A similar correspondence undoubtedly 
exists between the temperature conditions, giving best results with, 
Bermuda grass and Johnson grass seed on the one hand and soil tem¬ 
peratures in the warmer localities to which these grasses are native on 
the other hand. 

(18) The results of field tests suggest the use of an alternation between 
about 18 0 and about 32 0 C. for the gemination of a large number of 
kinds of seed,.; an alternation covering a lower temperature range than 
20 0 to 30 0 with onion seed; and an alternation covering a considerably 
higher temperature range with seeds of the cucurbits. Without experi¬ 
mental evidence, however, It is impossible to say whether or not any of 
these alternations in the cases indicated would have any advantage over 
an alternation between 20° and 30°. 
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WATER CONTENT OF BARLEY KERNELS DURING 
8 GROWTH AND MATURATION 1 

By Harky V. Harlan* Agronomist in Charge of Barky Investigations, znd Merritt N. 

Pope, Agronomist in Barky Investigations, Office of Cereal Investigations, Bureau of 

Plant Industry, United States Department of Agriculture 

INTRODUCTION 

Ill studies in kernel development during the last few years close 
records have been kept of a number of variables. Several of these 
studies already have been published. 2 Of all of the variables observed 
the behavior of water has been the most consistent.‘ As shown in 1920; 2 
the percentage of water by days from the date of flowering was practically 
identical in two different seasons at Aberdeen, Idaho, and showed almost 
no fluctuation. When plotted, the percentage was essentially a straight 
line starting at about 82 per cent and ending at about 48 per-cent. 
Below 48 per cent the curves were not coincident. The uniformity of 
these results indicates a closely vital relation of water content with 
growth and maturation. The results previously reported have been 
based on the averages of a varying number of spikes per day. The wet 
weights of the kernels ware secured individually, but the dry weights 
were obtained on 'the aggregate kernels of each spike. In the studies here 
reported the dry weight of each individual kernel was obtained, so that 
individual dry weights and percentages of water of individual kernels 
are available lor the first time. For certain purposes these data have been 
totaled as before. 

MATERIAL AVAILABLE 

Several varieties were studied in detail. The earlier attempts were 
with hulled varieties* These were found to be unfit because it becomes 
impossible to remove the lemma and palet once mechanical drying has 
begun* In these varieties the sampling became impossible later than 
this period and, therefore, the final incidents of maturation were lacking. 
The results with naked varieties only are reported in this paper. The 
growth tables of three growing periods were available for interpretation. 
These include two seasons, 1919 and 1920, with the Baku variety, and 
one season, 1920, with the Jet. The Baku is a white, naked 2-rowed 


1 Accepted for publication May to, 3933, These studies were made cm the Aberdeen Substation. Aberdeen» 
Idaho, in ccniiwtioo. with cereal experiments conducted cooperatively by the Idaho Agricultural Experi¬ 

ment Station and the Office of Cereal Investigations. Bureau of Plant industry, United States Department 
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variety originating near the 'Caspian Sea- The Jet is a 2 -rowed naked 
variety from Abyssinia which develops a very black pigment in the 
pericarp at maturity. As the occurrence of this pigment is thought 
to he of sigtiiiicance’ in the latex stages of maturation, the Jet variety 
is considered the basic one in the discussion which follows. The growth 
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j.-Awajt l*«*l&* htim& dkmvttr, wA diiancter of kernels ef Jet teAry Aberdeen, 

'IMM* Si#&. 

and maturation of the Baku variety vary somewhat from those of the 
Jet, These differences are apparent is the tables and figures and are 
pin ted out in the discussion.’' In the figures which give data from the 
Baku variety for both 1919 and 1920, the time from flowering is for the 
t ..a . ■■ r.cr,- .r. re.9 :» advanced three davs to avoid 

confusion of the lines. The shorter growing season of the Baku variety 
m 1919 irn doubtless the dirat result of drought, as the water for irriga¬ 
tion ms insufficient in that year. 
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after winch It remained almost constant until maturity. The lateral 
diameter had almost completed its growth by the fourteenth day and 
remained stabilized until the twenty-second day. The dorsoventral 
diameter Increased until the eighteenth day, although the rapid Increase, 
was completed by the fifteenth day. The diameter was maintained until 
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twenty-seventh to the thirty-first, at which time the kernels had reached 
the moisture content normal to stored grain,. As may be seen in Figures 
2 and 3, the Baku variety reached these various stages at a slightly later 
date,, in other words, the growing period of Baku was 2 or 3 days longer 
than that of jet* 

TOTAL WATER CONTENT OF JET AND BAKE VARIETIES 

The average water content of the kernel of jet, as in other varieties 
of barley, shows, when plotted, a very different curve from that of 



Fie* 4,*“Amfcge pcratttafe.of water £a .kernels of Jet barley from flowering to maturity at Aberdeen* 

Idaho, in 19.30. 


percentage of water. While not as. perfect as in the Hanndhen variety 
reported in 1920, the curve of percentage of water in Jet (fig. 4) descends 
in, as almost straight line during the period of active growth. On the 
other hand, the curve of total water (fig. 5) exhibits three distinct phases. 
.For a few days after fertilization there is a rapid increase in the water 
content of the kernel. There then follows a period of a few days in 
which the water .content is almost stationary. Following this there is a 
uniform decline until maturity is readied and a more rapid decline to the 
point approximating the water content of the stored grain of the region. 
Stated in another way, for a period of about 12'days there is an, increase 
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of water content simultaneous with a deposit of starch, the latter 
beginning the fourth day after flowering. 

During the second stage there is little change in water content, but 
there U a heavy increase in starch content—that is, there is a deposit 
of starch which is not displacing water. The volume of the kernel 



continues to mcraue during this period. The increase in volume must 
ivme either Item the increase in number of cells in the endosperm or 
ir > m mcreasc in sire of cells already formed. Most of the expansion 
w |>n l>ably of the latter nature. 'The increase in volume is quite evident 
in figures i, 2, and 3, which show the length, lateral diameter, and dorse- 
ventral diameter by days lor both varieties. 

The third stage*' beginning about 'the twenty-second day in the Jet 
variety, shows a decided loss of ffater. While the rate of starch deposit 
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diminished as shown by the dry weight, .material continued to be added 
for several clays. The water content drops more abruptly and somewhat 
in. advance of the wet weight, due, of course, to the continued activity 

of starch deposit 

The actual modifications which occur within the kernel during .these 
changes have not been traced definitely. As the bulk of the kernel is 
endosperm tissue, the observable variations are doubtless dependent oh 
a phase of endosperm development The endosperm starts to develop 
about the center of the nucelius. As growth proceeds, new cells are 
added by repeated division of the endosperm cells first laid down At 
some stage of growth the addition of these new cells is either ^diminished 
rapidly in the number added per day or, more probably, is interrupted 





Fig. 6 ,—Avenge percentage c£ water m kernels of Balm barley .Irena .flowering to maturity at Aberdeen, 
Idaho, in. 1919 and 19®©. 

entirely except in the region immediately adjacent to the furrow. Later, 
two other developments are possible. As previously pointed out, there 
is a secondary stage of starch formation where small starch kernels 
appear among the large starch kernels of the first starch deposit- It Is 
also likely .that some of the cells of 'the starch endosperm are abandoned 
as places of active starch deposit This certainly occurs in occasional 
cells of the periphery on the dorsal surface most remote from the furrow. 
Cells in the latter region can be observed which by their cell walls indicate 
aa age equal to that of adjacent cells but which have very few starch 
grains In their interior. Such cells are, in a way, abnormal, and if there 
is an} ? abandonment that occurs as a phase of maturation, it is of cells 
of normal starch content In any case it is likely that the stages of 
endosperm development have a direct relation to the changes exhibited 
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t weight, dry weight, and total water content of kerels. Judged 
indicators all varieties follow about the same course. Though 
mires a day or two longer in maturing, its water content, as 


mrs rMw 

W»r, ** Seta! wfct«r ftntni tm k«rsdi c# Balm barky Imm Lwriag to sswt»fity at AtmA»» 

IdtifeoCla. tjpt nwltfae.' ■ ■ 

water, content and dry weight of individual kernels 

^ In Table I are given the complete records of the individual kernels of 
thee two varieties for the period under observation. While the number 
of observations is so great as ts> make a direct digest of these data 
difficult, a number of facts are evident In the table the kernels are 
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numbered on each spike. One side of the spike only was studied, as the 
error of sampling was less when a larger number of spikes were included, 
the daily number of observations being necessarily limited by the time 
required to obtain the data. The kernels are numbered from the base 
to the tip of the spike, No. 1 being the basal kernel, No. 2 the next above, 
ami Nos, 6 to 11 the tip kernel, depending on the length of the spike. It 



about 'the cottar of the spike. This fact has been frequently pointed out. 
Mm Indicated fey the percentage of water, it is quite noticeable that the 
kernels at the tip of the spike ripened much earlier than those near the 
base. o The basal kernel itself is more nearly related to the tip kernels in 
that its average sizers less than those above it and its- maturation earlier. 
For the purpose of interpreting the table, any kernel under 42 per cent 
may be considered mature. 
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*. £ ■ m( 00 *•* r©U»^ d teredo of Mea Wiry Iwm tonrai to maturity at Abetdees, Idaho 








7, and those marked C, D, and B, on July 9. In the figures showing the 
distribution by days from flowering and"in the various averages, spikes 



























































































TAlfUt i.— Dry weight md pttcmta ft itf water in individual kernels of barky from flowering to maturity at 
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The distribution, in percentage of water (fig, 13, 14, 15) is much more 
uniform. Just at flowering time there is considerable variation, due, 
doubtless, to exceedingly rapid changes taking place at that time. 



Immediately following flowering the kernels show almost identical water 
content for any one day and almost identical daily decrease in water con¬ 
tent for many days. The exact date of the beginning of spread in the 
distribution is difficult to determine. Jt is evident that it is not much 
before the seventeenth to twentieth day. By the twenty-third day 
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I^IG, i 4t Distribution of kernels of Baku barley according to the percentage of water by days from flowering to maturity at Aberdeen, Idaho, in 1919. 




-Feb, $,1933 


Water Content of Barley Kernels During Growth 


357 


ripe kernels are in evidence. The changes apparently take place at a 
higher water percentage in the Baku than in the Jet variety. In the 
Baku the kernels dry very rapidly after they have reached the moisture 






is 


1%; 

a 

If 

If 

I 


“ 

“ 

“ 

- 

- 

“t 

" 




- 

“ 

- 

~ 


n 


- 





: 


' 

“ 

: 

" 

- 

“ 

' 

~ 

*s 

“ 

n 




■ 

■ 

■ 

■ 

■ 

■ 

■ 


■ 

■ 

■ 

■ 

■ 
















E 1 

■^s! 


i 

■ 



■ 

■ 

■ 

■ 

■ 

■ 

■ 


■ 

■ 

■ 

■ 




■ 


■ 

■ 

■ 



fl! 

■ 


fl: 

■ 

■ 

E: 

S! 

3 

2 

■ 


















■ 


■ 

■ 




■ 

■ 


fl 

■ 

■ 

fl. 

HI 

S 


■ 



■ 

■ 

■ 

■ 

■ 

■ 

■ 


■ 

■ 





1 

■ 


■ 

■ 

■i 



■ 

■ 

! 

fl! 

a: 


SEI 


3 

d 

■ 



■ 

■ 

■ 

■ 

■ 

■ 

■ 


■ 

■ 













■ 

■ 


■; 

2: 

2 

31: 

i 

31 

cu 

■ 



■ 

■ 

■ 

■ 

■ 

■ 

■ 


■ 

■ 





I 

■ 


■ 

■ 




■ 

s 


311 

SSi 


01 



■v. 













■ 






■ 


■ 

■ 




2 







- 

- 




■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 


■ 








□ 


fl: 




a 

■i 

a 

fl! 

ai 

■ 

21 

31! 

8! 

31 




■ 

■ 

■ 

■ 

■ 

■ 

■ 


■ 

■ 








■ 

fl: 




■ 

Hi 

■: 

■ 

a: 

■ 

■; 

2! 

3! 

2 




■ 

■ 


■ 

■ 

■ 

■ 


■ 

■ 







■: 

■ 

■ 




■ 

SI 

■ 

ai 

■I 

■ 

El 

21 

S! 

■ 




■ 

■ 

■ 

■ 

■ 

■ 

■ 


■ 

■ 






■ 


■ 

■ 

■ 




I! 

8! 

a: 


■ 

■I 

■! 

Si 

■ 




■ 

□ 














□ 











m 

w 








■ 

■ 

■ 

■ 

■ 

■: 

■ 


■ 


■ 





■ 

fl: 

■ 

■: 

■1 

■ 

■ 

ai 

■! 



a! 

■ 

2i 

a 

2 


























■ 

■1 

■1 

CM 


fl! 


2! 

■ 

2 





■ 

■ 

■ 

■ 


■j 

■ 


■ 


■ 

■ 





■ 

■ 


■i 

■ 


2! 

■ 

a 


Bi 


■1 

■ 

■ 

■ 

I 

-J 










■1 













fl: 




a 


Si 



■ 

■ 























fl! 


■ 


fl! 

5, 

a 


Bi 

H 

fl! 

■ 

■ 

a 

■ 

■ 


■ 

■ 

■ 



■ 

■ 

■ 

■ 


■ 

■ 





fl: 

fl: 

fl! 

■ 

fl! 


■1 

n 

■ 

a 

fl! 


fl! 

■ 

2 

■ 
























□ 


■i 

a 

■ 

a: 

fl! 

2 


a 



■ 

■ 


■ 

■ 

■ 

■ 


■ 

■ 

■ 

■ 










I 





- 







s 


■ 

■ 

■ 

■ 

■ 

■ 

■ 


■ 

■ 

■ 

■ 









■ 





31! 


■i 

fl! 


- 





■: 





_ 















fl! 





fl! 



fl! 

BI 

■ 

0 

fl! 

■; 

s 

■: 



■ 

■ 

■ 

■ 


■ 

■ 

■i 

■ 














ai 


■; 

ffi! 

■; 

31 

■ 

a; 

2' 


■ 



■ 


■ 

■ 


■ 

■ 

■ 

■ 









■ 





fl! 


■i 


■i 

■ 

■ 

■i 

■ 

■ 

■ : 



■ 

■ 

■ 

■ 


■ 

■ 

■ 

■ 









■' 





■1 


fl! 

jJS 

Bi 

a 

■ 

fl! 



■! 








■ 

■ 

■ 











i 






fl! 

Hi 



5 




■ 



■ 









-1 







■ 

■ 



a 

■1 

fl! 

a 

ai 




- 

•>< 












■ 

■ 

■ 








fl! 

fl: 





fl! 

■ 

ai 

fl: 

Ei 

2 

a 

B! 




J 

z 











■ 

■ 












> 


fl! 

31i 

31 

E 

ai 

■: 





















■ 



■: 

2 

■1 

■ 

■ 

a; 

2 

SSi 

2 

25 

fl! 

■: 

■ 

■ 

■ 

■ 

■ 


■ 

■ 

■ 

■ 

■ 




■ 

■ 

■ 


■ 


■ 



B 

■ 

■i 

a: 

s 

ai 

■ 

■; 

3S 

S 

SSI 


□ 

■; 

■ 

■ 

■ 



■ 

■ 

■; 

■ 







! 

■ 

■ 

■i 



fl: 

a 


■ 

■ 

a; 

a 

ail 

5! 

■ 

fl! 

■ 

■ 

■ 

■ 

■ 

■ 



■ 

■ 

■ 

■ 




■ 

■ 

■ 


fl! 

■ 




fl! 

■ 

fl! 

■ 

a 

fl! 

3! 

■i 

■ 

ss 



□ 

■ 

■ 

■ 

■ 



■ 

■ 

■ 





■ 

■ 

■ 


■ 

■ 

■ 



■ 

■ 

■1 

■ 

2 

■1 

B 


S' 

2 

BI 

■1 

■ 




_ 










L 






fl! 

& 














j 

■ 

■ 

■ 

■ 



■ 

■ 

■ 

■ 




fl 

■ 


fl: 

fl. 

■ 

fl: 

fl: 

■ 

fli 

■ 

fl! 

a 

S! 

W 

ffll 

El 

HI 




i 

■ 

■ 

■ 

■ 



■ 

■ 

■ 

■ 



■ 

■ 



1 








Si 

Z! 

S' 

El 

a 

311 

S' 

B ! 

fl! 

■I 

■ 




_ 









■ 


■ 

■ 

■ 

■ 

■ 

■ 

fl 1 

■ 

fl: 

■ 

fl; 

a: 

?! 

El 

E 

2! 

a 




□ 

■ 

■ 

■ 

■ 

■ 

■ 

m 

■ 

■ 

■ 



_ 




L 







■ 

a 

ffl: 

'T>. 

El 

■ 

E! 





i 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 



■ 

» 

Zj 


■ 

■ 

2 


■ 

■ 

2 


Si 

B 

s 

Ei 


ffl! 

■ 

■ 

■ 

■ 

■ 

■ 




u 



_ 




. 









fl 

■ 

a 

G 

2 *; 

0' 

Si' 

3! 

•-r 

B! 

■ 

fl: 

■ 

■ 

■ 

r 

“ 

- 




■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

fl 

■ 

■ 



_ 

Si: 

a 

Bi 

a' 

a 

SSi 

E 

■I 

■ 

fl: 


■ 

j 

■ 

■ 

■ 

■ 




■ 

■ 

■ 

■ 

■ 

r 


r 







2' 

Si 

E 

B2! 

Si 

Si 

El 

■ 

ai 



_ 


i 

■ 

■ 

■ 

■ 




■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

13 

SI 

0 

a 

a; 

STi 

fl! 





fl, 

n 

■ 

r 











□ 

□ 




_ 


8' 

■ 

fl 

H 

E 

57.: 

■; 

35! 

«! 

fl! 

ffi 

■i 

fl! 


■ 

■ 

« 

■ 

■ 

■ 





M 

■ 

■ 

■ 

□ 

■ 

■ 

■ 

■ 


■ 

M 

■ 

SI 

0 

0 

SSi 

SSI 



- 







n 

L 

■ 

■ 





■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

2 

■ 

2 

a 

m 

0 

*2! 

SI 

SEI 

fl! 

■ 

■1 

■ 

■1 



: 

■1 

■ 








■ 

■ 

■ 

■ 

■ 


■ 

■ 

■ 

■ 

■ 

2 

SI 


57 

0 

a 


■ 

■; 

fl! 

■ 





■! 

□ 

■ 

■ 

■ 




r 






r 


J 



a 

H 

E 

© 

E 

E 

a 

■i 

fl! 

■ 

fl! 

■ 

■1 




■ 

1 

■ 

■ 

■ 


■ 

■ 

■ 


■ 

■ 

■ 

■ 

■ 



2 

SEi 

S! 


t? 

0: 

2 

3? 

■ 

fl: 

■i 

■ 

m 

■ 

■1 

: 


i 

■I 

■ 

■ 

■ 

■ 


■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

II 

■ 

2 

E 

S 

2 

K 

0 

e; 

■ 



. 




■1 




■i 

■ 













■ 

■ 

■ 

S' 

a 

0 


S3 

13 


a 





a> 

i 






n 


■ 

■ 


■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

E 

13 

a 


H 

a 





i 




■1 




■ 

■ 




. 













3! 

a 

■ 

■ 

■ 









fl! 




■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

a 

a 

E 

3! 

a 

■ 

■ 









■! 





□ 

r 










_ 



a 

2 

S! 

3? 

a 

■ 

■ 










■ 




■ 

1 

■ 

■ 

■ 

■ 

■ 

M 

■ 

■ 

■ 

■ 

2 

■ 

2 

2 

>3 

2 

2 

■ 

■ 

■ 

■ 









■ 




■ 

■ 











- 


3 

'*? 




■ 

■ 

■ 

■ 









J 




■ 

□ 







■ 

■ 

■ 

m 

s 

■ 

s 

a 

a 



















■ 

■ 











IBS 

3 

SI 

2 

a 

■ 


■ 

■ 

■ 

■ 

■ 













□ 

■ 

■ 

!■ 

■ 






t 

a 

a? 

;•? 

2 

■ 

■ 


■ 

■ 

■ 

r- 

■ 




■ 








_ 

1 

■ 

■ 

H 

■ 



_ 



ST 

!E! 

B 


a 

■ 

■ 



■ 

■ 

■ 

■ 




■ 


■ 






II 

■ 

■ 

■ 

H 

■ 

■ 

■ 

■ 

■ 

■ 

35 

0 

2 

2 

■ 

■ 

■ 



■ 



■ 




■ 


■ 







□ 

■ 

■ 

m 

■ 



■ 

■ 

IS¬ 

K 


a 

3 

fl 


















_ 



□ 

■ 

■ 

H 




■ 

£ 

IS 


IBS 

a 


■ 





■ 


■ 



■ 








■ 


■ 

■ 

r 


■ 

■ 

■ 

a 

a 


3! 

3 

a 

a 


a 





■ 





■ 








■ 



■ 

2 

■ 

■ 

a 

■ 

0 

p 

a 

■ 


■ 



fl 





■ 





■ 








■ 


■ 

■ 

■ 

;3S 

2 

15? 


!S 

2 

a 

■a 


■ 



■ 





■ 





■ 








fl 


■ 

■ 

■ 

9 

a 

ItS 

s 

ffl 

3 

3 

■ 


■ 



■ 










■ 








« 




■ 


3 


SI 

a 

■ 

■ 

■ 


■ 



fl 


■ 


fl 

■ 




B 

■ 








fl 




s 


a 

a 

a 

■ 

■ 

■ 

■ 


9 



fl 


■ 

■ 

■ 

H 




5 

fl 








■ 


■ 

■ 

si 


s 

H 











. 











_ 










3E 


2 

fl 

m 

■ 


■ 


■ 

■ 

■ 

fl 

■ 

n 

:■ 

fl 

■ 

■ 

!■ 



■ 


■ 

■ 

fl 

!■ 

■ 

:■ 

■ 

Ifl 

■ 

h 

■ 

■ 


■ 

m 

■ 

u 


■ 


■ 

■ 

■ 

■ 

■ 

a 

fl 

fl 

■ 

fl 

fl 

■ 

■ 

■ 


■ 

■ 

■ 

>■ 


ifl 

■ 

!■ 

■ 


a 

a 


■ 

■ 

!■ 

m 


■ 


■ 

■ 

■ 

■ 

■ 







L 




L_ 










j 

■ 







■ 


■ 

■ 

■ 

fl 

■ 



fl 












fl 

ifl 

fl 

;■ 

■ 



■ 

■ 

!■ 

■ 




■ 









« 

■ 

H 

H 

fl 

!■ 

« 


■ 

fl 

■ 

fl 

■ 

« 

■ 

■ 

■ 

Ifl 


■ 







■ 





fl 

■ 



■ 

a 

fl 

fl 

fl 

■ 

■ 


■ 

fl 

■ 

!■ 

■ 

■ 

fl 

M 

fl 

fl 

:H 

■ 

■ 

m 

■ 

■ 

■ 


■ 


fl 

;■ 


II 

_ 


fl 

fl 

■ 

fl 

!■ 

!■ 

■ 

■ 


!■ 

_ 





L 



L 

- 




< 


>» 

1 


I 


I 


ft 

1-9 


&85 Nt W 


if 


■D 

l 

PQ 


i 


1 


I 


content of 50 per cent There are few kernels between 42 per cent and 
20 per cent, showing that mechanical drying is taking place with great 
rapidity. 

Thus far the data for the Jet and Baku varieties are quite comparable 
to those reported earlier. No conclusions can be drawn which were 
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not apparent in the previous studies As has been pointed out, the 
sudden break in the curve of percentage of water, which has held a 
steady trend from flowering, could come about only through the abrupt 
termination of growth. It is not evident from these or previous figures 
whether this abrupt termination involves the whole kernel at once or 
whether there has been a final abrupt termination of activity in a 
limited area preceded by a gradual abandonment of tissue to the point 
where the active tissue remaining affords an insufficient volume in which 
to take care of the starch produced daily by the plant. 

COLOR AS AN INDEX OF MATURITY 

Although the figures, taken by themselves, do not afford sufficient 
basis for the analysis of the final phases of maturation, the color formed 
in the Jet variety offers a suggestive clue. The melanin-like pigment 
is apparently deposited only when activity has ceased. In the normal 
kernel the color appears just before final maturity. The earliest traces 
are found about the twentieth or twenty-first day after flowering. If 
a kernel is removed from the spike even six days after flowering, the 
black color will appear on drying. It seems reasonable to suppose then 
that when this color appears on the kernel, the section of the kernel 
immediately beneath it has ceased to function. That this assumption 
is plausible is evidenced by two related observations. The black color 
appears first on the dorsal surface just below the tip. The tip of the 
kernel up to this time consists of active tissue remaining from the ovary 
walls. As soon as the black color appears, this tissue withers, showing 
that the vascular system here has ceased to function. This peculiarity 
has been noted in other years, when it had been found possible to measure 
the true length of the kernel only after the withering of the tip. Previous 
to that time the measurement necessarily had to include tissues which 
had no real connection with the growth inside the nucellus. It was also 
in this region that cells showing early abandonment as active reposi¬ 
tories for starch are most numerous, indicating that this region was the 
first to show lack of free movement of cell solutes. 

The progress of color formation and loss of water, as evidenced by the 
denting and collapse of the kernels, is very definite. Traces of color 
appeared when the moisture content was about 62 per cent. It was 
present on most kernels by the time they had reached 60 per cent. The 
spot was very definitely marked when they had reached 58 per cent, and 
the area had spread well toward the end of the kernel when the water 
content had reached 56 per cent. Denting appeared at about 55 per 
cent and was common at 51 to 52 per cent. Color appeared on the 
ventral surface of the grain at 53 pef cent and was on the ventral surface 
of most kernels by the time they had reached 48 per cent. The sides 
as well as the dorsal surface had begun to dent at about 50 per cent and 
were commonly dented at 46 per cent. The ventral surface was black 
with the exception of the furrow on some kernels at 46 per cent and 
commonly so at 43 per cent Even the furrow was black in some instances 
at 42 per cent. Few furrows with traces of green were found under 40 
per cent Fine wrinkles appeared all over the kernel at percentages 
about 30 and on all kernels containing below 24 per cent of water. 

When these color observations are considered with the data previously - 
presented, they assist materially in the interpretation. The black area 
on the dorsal surface became marked about the twenty-second day after 
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flowering—that is, the average kernel was affected by this date. On the 
curve of dry weight (fig. 10), it can be seen that the rate of increase fell 
off markedly on this date and never again reached the rate held consist¬ 
ently for a long period previously. The water content began to drop 
very rapidly at this time, as did also the wet weight. It seems without 
question that the abandonment of tissue began actively when the water 
content of the average kernel had reached 58 per cent. On some kernels 
this change evidently was initiated at 62 per cent. Dry matter was added, 
however, to other parts of the kernel for several days. Growth was 
essentially complete when the color had covered the ventral surface. 
This occurred when the kernel had reached 46 per cent of moisture and 
was common on all kernels when they had reached 42 per cent. This 
42 per cent coincides with the average date reported in various previous 
papers, and in this instance it is coincident with the average appearance 
of color. It would seem that, since 42 per cent represented the average 
water content when the spike was mature, this percentage would also 
represent the point at which the individual kernel should cease activity. 
That this is not true is due to the variation of spread before and after 
reaching maturity. Once a kernel has ceased active metabolism, the 
loss of water is very rapid and the spike average is lowered by wide range 
of water content in those kernels already mature. 

While not all kernels showed the appearance of black at the same 
time, the earliest kernels exhibited the color when a water content of 
about 62 per cent was reached. From the small spot first occurring the 
color gradually spread over the dorsal surface of the kernel. The base 
of the kernel was last affected on both the dorsal and ventral surfaces. 
On the ventral surface, color first appeared on the flanks of the grain 
from the center of the kernel toward the tip. The green in the pericarp 
disappeared last from the furrow of the kernel and naturally this is 
the last active tissue. Shortly after the black color appears on the dorsal 
surface, the kernel begins to dent—that is, the loss of water in this region 
is sufficiently rapid to cause the tissue to collapse. The loss of volume 
at this time is apparent in the measurements of the grain. The kernels 
of all varieties of barley contract as they lose water in maturing. In the 
Jet variety the kernel collapses in a depression on the dorsal surface 
which reaches from the tip to the embryo. This is not common in barley 
varieties and doubtless comes about through the fact that in the Jet 
the tissues external to the nucellus are abnormally thickened in this 
region. Since such external tissues are not utilized for storage, the loss 
of water must be accompanied by an unusual reduction in volume. The 
final stage of ripening, or rather mechanical drying, is accompanied by 
a fine wrinkling of the entire surface of the kernel, as is common in other 
varieties. 

Assuming that the kernels of all varieties ripen in the same way as 
those of die Jet, the data here presented add this much to our previous 
information in maturation. The process of ripening is abrupt, as has 
been previously apparent, but this final stoppage of activity is the culmi¬ 
nation of a maturation which has already checked activity in some parts 
of the kernel. As may be seen in Figure 4, the drop in the average per¬ 
centage of water is not accelerated by the abandonment of the limited 
portion of the kernels first affected. It is only when the black spot 
becomes common, indicating an average condition of abandonment, 
that the rate of loss of water is accelerated and the rate of deposit of dry 
matter checked. From this time there is a slight increase in average 
25621—23-5 
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dry matter. This increase doubtless is exaggerated in the averages 
due to the fact that all kernels are not equally advanced. 

The date of maturation of individual kernels is partially dependent 
upon minor features of location. Supposing that a kernel can not be 
rejuvenated after the percentage of water has fallen below 44 per cent, 
the time of reaching this percentage may be postponed by protection 
from the sun and air. The loss of water from the kernel is active on hot 
days. There is no loss at night during growth. Very hot, dry, sunny 
days may lower the water of exposed kernels near maturity below the 
point of recovery. Those kernels well covered by the awns of other 
kernels ripen slowly. The kernels on the under side of the spike of nod¬ 
ding varieties ripen after those on the upper side. In varieties like the 
White Smyrna, where several kernels are inclosed in the leaf sheath, the 
kernels so inclosed ripen much later than the exposed kernels. Pro¬ 
longed cool weather at ripening time must have a similar effect, and high 
yields of plump grain usually result from such ripening periods. These 
observations fit in with the appearance of the color in the Jet variety. 
While the amount of light reaching the kernel affects the intensity of the 
pigment and occasionally the time of its appearance, in general it affords 
an accurate index of the stage of maturity. 

SUMMARY 

In previous studies it has been shown that the average water content 
of the ovaries at flowering time is about 80 per cent and that the per¬ 
centage of water in the growing kernel decreases uniformly day by day 
until the average for all the kernels of a spike is about 42, when all deposit 
of dry matter is interrupted and the kernels dry with great rapidity. 

This 42 per cent does not represent the exact point where translocation 
of material becomes impossible but is lower than this point, as this is the. 
average of all kernels on the spike and must include some with slightly 
more water which are still functioning and some with much less which 
ceased to function a day or two previously. 

Endosperm cells mature abruptly; the proteid content probably 
reaches a density beyond which it can not function. The Jet is a naked 
variety in which a black pigment is formed in the pericarp whenever this 
tissue ceases to be active. The appearance of color indicates that the 
first region to mature is on the dorsal surface near the tip. The region 
of the embryo on the dorsal surface is still later, and the cells adjacent to 
the furrow on the ventral surface are the last to mature. The first cells 
on the dorsal surface are affected when the moisture content of the kernel 
has reached 60 to 62 per cent. The kernels are fully mature when the 
water has fallen to 46 per cent and have carried on only a limited amount 
of translocation for some time. 

The date of final maturation can be postponed and the size of the 
kernel increased where kernels are protected by leaf sheaths or other 
shade and by cool weather at ripening. 



BACTERIAL LEAFSPOT OF GERANIUM IN THE EASTERN 
UNITED STATES 1 

By NeeeiE A. Brown 

Pathologist , Laboratory of Plant Pathology, Bureau of Plant Industry , United States 

Department of Agriculture 

The florist’s season for growing cuttings of geraniums (Pelargonium 
spp.) for garden and window-box planting is the season when this bacterial 
disease may be looked for, especially in crowded, ill-ventilated houses. 
Nearly every spring since 1912 and at any time during March, April, 
and May, according to the locality where the plants are grown, we have 
received diseased specimens. Very rarely has a diseased plant grown 
in the open been sent to us. Our first acquaintance with it, however* 
was at an earlier date when it occurred on the grounds of the United 
States Department of Agriculture in Washington (PL 1, A). In New 
Jersey and Maryland the disease has been especially prevalent and of a 
destructive nature, whole houses of rooted plants in some instances 
becoming unsuitable for market. It is a spot disease which makes the 
leaves unsightly and undermines the health and development of the 
cuttings. The year 1915 was evidently favorable for the disease, for it 
occurred very generally in the eastern part of the United States. 

The spots are definitely outlined, usually irregular but occasionally 
circular in shape, and of a brown color. The spotting may begin either 
at the margin of the leaves or on the blade and may occur on either old 
or young leaves, although the older leaves or those nearest the soil are 
usually the worst affected. The youngest infected areas are watery 
looking, then become a reddish brown, later the tissue dries and becomes 
dark brown. When the disease is advanced the portion of the leaf 
between the spots turns dark and becomes dry and wrinkled. The 
spots, however, still show plainly in the dead area. The bacteria, which 
are motile, occur in great numbers in the spots. They are easily isolated 
from the young spots, as the epidermis can be sterilized with mercuric 
chlorid (1 to 1,000) for three to five minutes without much penetration. 

Isolations were made from material received from Maryland (PL 1, B), 
and water suspensions of subcultures were sprayed on young geranium 
plants growing in the greenhouse. The plants were kept in a moist 
infection cage for two days. In another cage, which was also kept 
moist, were other geranium plants of the same age which were sprayed 
with sterile water. Typical spots appeared on the inoculated (sprayed) 
leaves in 9 days, and in 17 days the plants were badly spotted (PL 3, B). 
The controls did not show any spotting. Bacteria were abundant in 
the spots. The organism was reisolated and other geranium plants 
were infected with it by spraying. In four days spots began to show on 
the leaves of these sprayed plants. The temperature was higher at this 
time, bring 8o° F. during most of the daytime. 

1 Accepted for publication May 10, 1922. 
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Likewise, isolations were made from diseased matexial from New 
Jersey (PL 2). The same organism was obtained and typical spots 
produced in 17 days from the time of spraying the leaves with a water 
suspension of an agar subculture (PL 3, A). The organism was reiso¬ 
lated also from this New Jersey strain. The inoculations with the reiso¬ 
lated New Jersey organism were made in two different greenhouses, one 
in which the day temperature was 70° to 75 0 P. and another in which 
it was 55 0 to 6o° P. The plants were sprayed and kept in infection 
cages for two days. In the wanner house infection occurred early and 
was well marked in 16 days, while there was but a trace of infection on 
the inoculated leaves in the cooler house. The disease did not progress 
in the latter case but continued in the former. 

A bacterial disease of geranium plants was reported from Massachu¬ 
setts 2 in 1898. The observers first found it on several different varie¬ 
ties during a season of rainy weather about the latter part of July on 
plants grown out of doors. The leaves were spotted and bacteria were 
found in the spots. 

Another report of the disease from Massachusetts 3 stated that at¬ 
tempts had been made to isolate the organism but without success. 

Still another report 4 said the disease had been noticed in that State 
every year for nine years. It was abundant and generally distributed, 
and gardeners had become concerned about it. The spotting was not 
serious in greenhouses, however, and it was thought to have been brought 
in from out-of-door stock. 

Dr. Erwin P. Smith, 5 in volume 1 of his u Bacteria in Relation to 
Plant Diseases/ 3, mentioned the disease as one produced by stomatal 
infection and in volume 2 called it a disease of rainy seasons. In volume 
2 he also stated that the organism was isolated in his laboratory and the 
disease reproduced on geranium leaves by John R. Johnston, inoculat¬ 
ing from pure cultures. No further work on this disease was done by 
Mr. Johnston or by Dr. Smith beyond recognizing it as a yellow organism 
with a polar flagellum. He states to me that none of the earlier isolations 
from the Washington material ever greened the medium. 

A bacterial disease of the leaves of Brodium and Pelargonium in 
Texas was described in Phytopathology 8 for August, 1914. The general 
appearance of the spots on the leaves in the illustrations of the article 
led us at first to think that the Texas disease described was the same as 
the one our laboratory had been dealing with, although Lewis’s figures 2 
and 3 indicate a much more active parasite. When comparisons of cultural 
tests were made and what seemed to be important differences were 
noted, it was decided that the two organisms must be different and that 
these different features would be accentuated if worked out in more 
detail. That has been done, and careful observation and repeated tests 
have established the writer’s belief that the organisms are not the same, 
for in cultural tests important differences persist. Perhaps Mr. Lewis's 
work was done with the Brodium strain and the host may be responsible 
for these differences. He does not state in his paper which isolation he 
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used for his cultural tests. He states that he isolated an organism from 
both Erodium and Pelargonium and that he was convinced that the 
organism from the wild Erodium and the cultivated species of geranium 
(Pelargonium) were one and the same. He found that both strains 
cross-inoculated readily but does not mention making any comparative 
cultural tests of the two strains. In all probability he used one strain 
only for his cultural tests. 

The comparisons in this paper were started with the idea of finding 
enough agreement in the cultural tests to establish the identity of our 
organism as Bacterium erodii , and with that in view we cast about for 
explanations to account for the differences. One striking difference 
between the Texas and Maryland organisms is in the production by the 
Texas organism of a green fluorescence, in beef agar, beef bouillon, 
sterile milk, and various other media. Very careful observations were 
made, but no trace of green fluorescence could be detected at any time 
in the tests with the Maryland or New Jersey isolations. The continued 
comparisons in this paper were made with the New Jersey isolation. 
Morphologically the Texas and New Jersey organisms are much alike 
and in some of the cultural tests are identical. Although in two to five 
days we have never obtained leaf-spots such as Lewis figures the two 
organisms produce somewhat the same type of disease on geranium 
leaves apparently under the same conditions, yet if they are the same 
organism why does one produce green pigment and the other not ? 

Thinking the green color might have formed through some particular 
property of the medium, two lots of peptone-beef bouillon (beef infusion) 
were made in which Witte's and Difco peptone were used as well as two 
lots of beef extract media with the two kinds of peptone. Our organism 
acted the same in all in respect to color—there was not a trace of 
greening. Then Mr. Lewis's platings from diseased material were con¬ 
sidered. At the start an organism appeared on his plates which greened 
the agar. Subcultures from these colonies picked from the plate produced 
the disease. Could this pigment formation be the individuality of a 
strain? If so, it is a striking variation and a feature that must be 
reckoned with when comparing strains and varieties in proving up a new 
organism. 

The New Jersey strain of the geranium leafspot disease was used for 
the tests described hereafter in this paper. To facilitate comparison 
with Bacterium erodii the same order is followed here as in the article 
by Lewis describing that organism. 7 No work was done with Bacterium 
erodii itself, as we had no culture of that organism nor were we able to 
obtain Texas material for our own isolations. The comparisons, there¬ 
fore, were all made with the rather full tests published by Mr. Lewis in 
the article just cited. 

CULTURAL CHARACTERISTICS OF THE ORGANISM FROM THE DIS¬ 
TRICT OF COLUMBIA, MARYLAND, AND NEW JERSEY 

Agar plates. —On beef infusion peptone agar +16.5 plating from a 
2-day-old bouillon culture, colonies do not appear until the third day, 
In reflected light they are cream color, shining, round with a smooth 
surface. In transmitted light under a hand lens they are a cream color 
in the center and bluish outside of center. There are delicate reticulate 


7 Lewis. I. M. op. cit. 
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markings in the interior; there is no zoning, but a marginal ring occurs 
on some colonies after they are up several days. Colonies are 2 to 4 mm. 
in diameter. The agar does not change color. (Unlike the Lewis 
organism.) 

Agar stroke. —In 2 days there is a translucent wet shining rather thin 
growth on +13 peptone-beef infusion agar. In 3 days the growth is 
cream colored with undulating surface. There is no green color in the 
agar or condensation water. The surface is finely pitted at 4 days; 
crystals form in from 2 to 10 days. There is no viscidity until cultures 
are 1 month old or older, but even then there is no green color. (The 
Lewis organism produces a green pigment.) 

Glucose agar stab. —This is a favorable medium. Growth is fairly 
rapid and abundant on the surface of the stab; scant along the line of 
puncture. The color of 4-day-old cultures is Ridgway’s Naples yellow, 8 
and this is a deeper color than the growth on plain beef agar. (Same as 
the Lewis organism.) 

Lactose agar stab. —In this medium there is growth with abundant 
crystals. No green color. (The Lewis organism produces a green color.) 

Steamed potato cylinders. —A thin yellow growth occurs on the 
potato in 24 hours. In 2 days it is a Naples yellow; in 3 days the 
potato begins to darken a little, but there is no green fluorescence. The 
potato cylinders are still firm after a month. The starch in the cultures 
gives a purple reaction when tested with iodin in potassium iodid. 
(Lewis’s organism produces a green fluorescent pigment after 48 hours.) 

Steamed coconut. —A thin faintly yellow growth occurs in 2 days on 
pieces of coconut steamed in tubes. Growth takes place in the water 
also but is not a yellow color. In 2 weeks the growth on the surface of 
the coconut is still thin and not viscid. (The Lewis organism produces 
a viscid growth on this medium.) 

Litmus milk. —There is a trace of clearing (whey) in 3 days but no 
color change. In 6 days there is a faint bluing in bands and a clearing 
at the surface for nearly 1 cm., but no coagulation. In from 10 to 15 
days the bands of color are faint and clearing has taken place in from 
one-half to the entire tube. Then it is a reddish blue color, dark hyssop 
violet, according to Ridgway. (With Lewis’s organism the liquid is all 
a clear yellowish color in 8 days.) 

Sterile milk. —No clearing occurs before 5 days even at the optimum 
temperature of 26° to 28° C. At that time there is a ring of whey, cream 
colored, 3 to 5 mm. deep. Coagulation comes soon after the clearing 
appears; the curd is soft. There is no color change. Tested at 17 days 
the hydrogen-ion concentration expressed in P H value is 6.4 (Brom 
cresol purple). In 30 days over half the curd has been digested, (The 
Lewis organism does not coagulate sterile milk; it produces green fluores¬ 
cence with age.) 

Dunham’s solution. —There is heavy clouding in this medium in 48 
hours, but not any marked difference from peptone bouillon. (Like the 
Lewis organism.) 

Peptone bouillon. —The organism clouds peptone beef infusion 
bouillon 4- iqto 4 15 in 24 hours at a temperature of 23 0 to 27 0 C,, when 
transfers are made from a young fluid culture. At 18 0 to 20° it is not 
clouded until 48 hours. Clouding is heavy in 2 days at 27 0 , Pseudo- 

8 Ridgway, Robert. Cox,or staitoards a£d color nomenclature. 43 p.» 53 col, pi, Washington, 

• jmC, ; 
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zooglea are present. In 2 to 4 days an incomplete pellicle is formed and 
the medium is clear below the pellicle. Cultures are not viscid until 
1 month old or older. When the tube is agitated the pellicle drops to 
the bottom in flocks. No green color is produced in either young or old 
cultures. Some bouillon was made containing Witte’s peptone, and the 
organism grown in it was compared with that containing Difco peptone 
to see whether the green color would appear. It did not, nor when ex¬ 
tract of beef was used with the two kinds of peptone instead of the beef 
stock. There was no trace of a green color at any time. (The Lewis 
organism greens the bouillon.) 

Dunham’s solution with methylenf, blue —The organism grows 
well in Dunham’s solution colored with methylene blue. The color 
changes to a faint blue in four days. This test was repeated with the 
same result. The color reduced from the bottom of the tube upward. 
In 22 days the methylene blue is reduced to a mere trace. In 1 month 
after inoculating the color begins to return, but is a green instead of 
blue—light hellebore green, according to Ridgway. 9 (The Lewis organ¬ 
ism does not change the blue color; observations were made over a 
period of 4 weeks.) 

Bouillon with sodium chlorid. —Growth takes place in neutral beef 
bouillon to which 2.5 per cent sodium chlorid is added. Tests were 
made with 3.5 and 4 per cent sodium chlorid, but no growth took 
place in either of the latter media. (Like the Lewis organism.) 

Bouillon over chloroform.—No growth occurs in 10 cc/of peptone- 
beef bouillon over 5 cc. of chloroform. Three different tests were made, 
one in which the quantity of chloroform was reduced to 3 cc. No 
growth occurred. The same bouillon inoculated without chloroform 
showed abundant growth in 48 hours. (The Lewis organism grows in 
this medium.) 

Decoction of geranium leaves.— Fifty gm. of fresh geranium 
leaves were boiled in a liter of water, then filtered and autoclaved. It 
tested+ 6, Fuller’s scale; P H 4.1. The organism was slow in appearing 
and grew but feebly in this medium. (Not unlike the Lewis organism.) 

Geranium agar. —Some of the decoction described above was made 
up into agar by adding 2 per cent agar. The medium titrated + 6 Ful¬ 
ler’s scale; P H 4.1. A mere trace of growth occurred in the agar made 
from the decoction. (Not unlike the Lewis organism.) 

Nitrate bouillon. —There is slight growth in 2 days in beef bouillon 
containing 1 per cent potassium nitrate; good growth in four days. A 
partial pellicle is formed rather heavy with crystals. This pellicle falls 
apart in handling the tube. (The Lewis organism makes a persistent 
pellicle.) 

Fermi’s solution. —In 2 days there is a faint clouding at tempera¬ 
tures of 25 0 to 28° C. The clouding is still faint in 2 weeks. In older 
cultures an incomplete pellicle is formed. There is no green fluorescence 
with age. A culture 3 months old is Ridgway’s old gold color. (The 
Lewis organism produces green fluorescence.) 

Cohn’s solution.— There is no growth in Cohn’s solution. (The 
Lewis organism grows in Cohn’s solution without greening.) 

Uschinsky’s solution. —At temperatures 25 0 to 28° C.', which are 
favorable temperatures for this organism, there is only a mere trace of 
growth in 2 days, and no heavier at 7 days. In 2 weeks clouding is better, 


* Ridgway, Robert, op. cxt . 
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and later an incomplete pellicle forms. There is no change in the color 
of the medium when cultures are 3 months old. (The Lewis organism 
grows promptly in this medium without greening.) 

Gelatin stab. —With +10 beef-infusion gelatin, stab and plates, the 
liquefaction occurs slowly. Plates thickly sown show slight liquefaction 
in 7 days, and most of the plate liquefies in 12 days. Temperature 18.5° 
to 20 0 C. The liquefaction starts in the stab cultures in 6 days and 
continues slowly across the surface. In 1 month they are about one- 
fourth liquefied. In 2% months the stabs are slightly over half lique¬ 
fied. In 3K months one stab was entirely liquefied and the others 
three-fourths. In 4% months all cultures are entirely liquefied. (The 
Lewis organism liquefies a stab culture in 4 weeks.) 

Lactose litmus agar. —Growth takes place readily. There is ho 
color change in 5 days. In 7 days the bacteria have taken up color, 
and a mass on a platinum loop looks green. The slant has become 
blue, but the agar at the bottom of the tube has not changed color. 
In 16 days the color of slant is still blue; that part of the medium in 
the bottom of the tube is unchanged, (The Lewis organism reddens 
the medium.) 

STEAMED carrot cylinders.— Growth does not take place quickly 
on carrot cylinders, but in 12 days the surface of each is covered with 
a creamy growth, smooth, wet shining, not viscid. There is no brown¬ 
ing of the medium in 25 days. (The Lewis organism browns the 
medium.) 

Steamed white Turnip. —Growth is slow in starting on this medium 
and is always thin. It is creamy in color, wet shining, not viscid. The 
medium is neither softened nor browned in 25 days. (Mr. Lewis says 
this medium is favorable for growth and that it becomes soft and 
brown.) 

Indol. —There is a slight production of indol in Dunham’s solution 
cultures 10 days old. It is still slight when the cultures axe 18 days 
old. The tests were made with sulphuric acid and sodium nitrite. 
(Like the Lewis organism.) 

Hydrogen sulphid. —Hydrogen sulphid is produced. The organism 
was. grown on potato cylinders, beef agar, lactose agar, and in beef 
bouillon. The test was made by suspending lead acetate paper in the 
culture tubes. The paper became well blackened in every case. (The 
Lewis organism does not produce hydrogen sulphid in any of these 
media, not even after prolonged exposure.) 

Ammonia production. —The organism produces ammonia. Cultures 
of beef bouillon and peptone water both 10 days and 3 weeks old were 
tested with Nessler’s solution. Strips of filter paper were moistened 
with the solution and suspended in the tubes to be tested. The cul¬ 
tures were then heated in a water bath. A red-brown color appeared 
on the filter paper immediately. (Same as Lewis’s organism.) 

Nitrate reduction. —There is no reduction of nitrates to nitrites. 
Tests were made with nitrate bouillon in which the organism grew very 
well. Ten-day and 28-day cultures were tested. Bacillus coli grown 
in the same medium and tested by the same method (starch-iodin sul¬ 
phuric acid test) gave a positive test. (Same as Lewis’s organism.) 

Reduction op litmus. —-Litmus is reduced in 10 to 15 days in sterile 
milk. (Not appreciably different from Lewis’s organism.) 
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Methylene blue. —Reduction of methylene blue takes place in 7 to 
11 days, according to temperature. Tests for the reduction were made 
in milk colored to a robin's egg blue. The reduction begins from the 
bottom of the tube and goes upward. In 3 days it is white at the bot¬ 
tom of the tube for one-eighth of the liquid. The rest of the liquid is 
a slightly lighter blue than the control. No coagulation occurs. In 11 
days there is entire reduction in some tubes. When entirely reduced 
the milk coagulates. Those tubes with a slight blue at the surface are 
not coagulated. In 15 days the blue in all tubes is wholly reduced. 
Temperature 20° to 22 0 C. When tubes of methylene blue milk are 
inoculated and placed at 27 0 to 28° reduction occurs throughout in 6 
days. (With the Lewis organism the tests for the reduction of methy¬ 
lene blue were negative.) 

THERMAL RELATIONS 

Thermal death point. —The thermal death point lies between 51 0 
and 51.5 0 C. Transfers were made from well-clouded 24-hour-old cul¬ 
tures and tested many times. The beef bouillon titrating +13 to +17 
on Fuller's scale (P H 6.8 to 7.0) was held in thin-walled test tubes and 
after transfers were made was kept and heated for 10 minutes at con¬ 
stant temperature in a water bath. Growth occurred at all temperatures 
tried (48°, 48.5°, 49 0 , 49.5 0 , 50°, 50.5 0 , 51 0 ) except 51.5 0 . Once in 
six tubes there was no growth at 50°, but in another six tubes all grew 
at 50.5 0 . In one out of two tests growth took place at 51 0 . None at 
51.5°. (The thermal death point of the Lewis organism is 48.5 0 .) 

Optimum temperature. —The optimum temperature is around 27 0 C. 
Tests were made with temperatures from io° to 40°. The organism 
clouds +15 bouillon in 24 hours from 23 0 to 2S 0 , but in 48 hours the 
growth is heavier at 26° to 28°. (Agrees with the Lewis organism.) 

Minimum temperature. —Growth occurs at i° C. In one test with 
the organism grown in +15 beef bouillon there was a trace of clouding 
in 16 days. The temperature ranged from — i° to 1.75 0 . In a sec¬ 
ond test in which the thermostat ranged from o.6° to 1.25 0 —never over 
1.25 0 and usually under i°—growth was visible in 49 days. It was 
never more than a faint clouding. (The Lewis organism grows in both 
beef agar and beef bouillon at o°.) 

Maximum temperature. —Growth occurs at 35 0 C, but it is very 
feeble. There is none at all at 36° to 37 0 . (Very little difference from 
the Lewis organism.) 

TEST FOR ANAEROBISM 

The organism will not grow in an atmosphere deprived of oxygen. 
Agar and bouillon transfers were placed in a specially devised jar from 
which the oxygen was removed as follows: A solution of 35 gm. of potas¬ 
sium hydroxid dissolved in 350 cc. of water was poured over 40 gm. of 
pyrogallic acid. The bottle for this solution had previously been adjusted 
in a jar where the transfers were. The mixture was poured in the bottle 
and its top left uncovered; but the jar was covered, then another cover 
inserted in a bed of mercury was placed over the whole. A tube of 
methylene blue milk and litmus milk had been placed in the jar with the 
cultures as controls on the presence of oxygen. 
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No growth occurred in any of the cultures in the jar. The bouillon 
control in the room showed good growth. The methylene blue had faded 
considerably in n days. The litmus did not fade until 15 days after 
•setting up the experiment. A careful watch was kept for over 3 weeks, 
but no growth took place in the cultures until they were removed from 
the jar, (Like the Lewis organism.) 

RELATION TO MOISTURE 

This test was followed out according to Mr. Lewis’s rod method. Glass 
rods were held in place in test tubes by passing them through the cotton 
plugs, after which the tubes were sterilized. Next the rods were dipped 
to a uniform depth in a 6-day-old bouillon culture, returned to the tubes, 
and left to dry at room temperature which varied from 18 0 to 23 0 C. 
Care was taken that the rod did not rest against the side of the tube and 
prevent a uniform drying. At intervals of 24 hours several of these rods 
were transferred each to a tube of beef bouillon. Growth occurred in one 
test after the cultures on rods had been dried 7 days. In a second test 
made exactly the same way, growth did not occur when dried 7 days but 
did occur at 6 days. Evidently 6 days is about the limit of drying for 
a 6-day-old culture of this organism. (Like Lewis’s organism.) 

GROWTH IN FERMENTATION TUBES 

Gas formation. —The organism is aerobic so far as tested and does 
not form gas. It was tested in fermentation tubes in the presence of 
each of the following carbon compounds: saccharose, dextrose, lactose, 
maltose, and glycerin; 1 per cent of these being added to a 2 per cent 
water solution of Witte’s peptone. No gas formed in any of the tubes. 
Growth occurred in the open arm of each tube but none in the closed arm. 

The cultures were tested for acidity after they had grown 21 days. 
Five tests were made—two in January, in which Witte’s peptone was 
used in one and Difco peptone was used in the other. Another test 
containing Witte’s peptone was made in June. The fourth and fifth 
tests were made in July with Witte’s and Difco peptone, as shown by 
Table I. Tests 1,2, and 3 are with Witte’s peptone, 4 and 5 with Difco. 
The results are as indicated in Table I, and it is interesting to note how 
the same organism varies. With Difco peptone, the acidity of the 
medium was considerably reduced by the growing organism. 

Titrations with phenolphthalein were made before inoculating and 
again after the organism had grown 21 days. The first test after 21 days 
showed there was little change in acidity in the cultures. The saccharose, 
dextrose, and glycerin cultures were slightly more acid than the controls; 
the maltose and lactose cultures were less acid. In the second test after 
21 days all cultures were more acid than the controls. In the third test 
after 21 days there was no change in acidity with dextrose, lactose, and 
glycerin; there was increase with saccharose and decrease with maltose. 
The fourth and fifth tests after 21 days were made with Difco peptone. 
Titrations showed there was decidely less acidity in the cultures than in 
the uninoculated media. 

To determine further the changes in acidity, some of each of the same 
medium was tested with the indicators brom thymol blue, brom cresol 
purple, phenol red or cresol red, before inoculating. This was done at 
the same time they were tested on Fuller’s scale. In all five tests the 
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P H values were found to vary from P H 7.0 to 6.6—that is, from neutrality 
slightly to the acid side. After inoculating, vigorous growth occurred in 
all cultures. At the end of 21 days tests were again made with the 
indicators. There was no increase in the hydrogen-ion concentration. 
As indicated by the records (P H 7.2 to 8.6) there was decrease in the 
hydrogen-ion concentration. In all five tests there was a uniformity of 
these changes in acidity, as shown by the indicators named above. 

The titrations with phenolphthalein of cultures grown in carbohydrate 
media containing Witte’s peptone were somewhat different from those 
made by Mr. Lewis with his organism, though not so strikingly so as 
with the Difco peptone. The second test was the only one that showed 
an increase in acidity throughout. 

At the time of Mr. Lewis's experiments (his work was published in 
1914) Witte’s peptone was in general use in laboratory media. 


Table 1.—-Acidity of cultures of the writer's geranium leafspot organism 





Ph. 



. 

Fuller's scale. 


Medium. 

Witte's peptone. 

Difco peptone. 

Witte’s peptone. 

Difco peptone. 


First 

test. 

Second 

test. 

Third 

test. 

Fourth 

test. 

Fifth 

test. 

First 

test. 

Second 

test. 

Third 

test. 

Fourth 

test. 

Fifth 

test. 

Saccharose: 

Uninoculated. 

7.0 

7.0 

7.0 

7.0 

6.8 

+8.5 

4-9 

4-jo 

4-10 

4-13 

Inoculated 21 days;. 

7.6 

7.6 

7.2 

8.2 

7.2 

+ 12 

4-17 

4-15 

0 

4-11 

Dextrose: 








Uninoculated. 

6.8 

6.7 

6.8 

6.8 

6-6 

+8.0 

4-10 

4-30 

+ « 

4 -ia 

Inoculated 21 days., 

7.6 

7-8 

7-4 

7-4 

7.4 

4-36.5 

4-21 

4-10 

4-6 

-1-8 

Maltose: 







Uninoculated. 

6.9 

6.8 

6.8 

7.0 

6.6 

4-8.5 

4-9 

4-9 

4-11 

4*32 

Inoculated 21 days.. 

8.2 

8.0 

7*4 

8.4 

7-4 

+4 

4 -x 6 

+7 

—s 

4-8 

Lactose: 

Uninoculated....... 

6.8 

6.8 

6- 8 

7.0 j 

6.6 

! 4-9.5 

4-9 

+9 

4-10 

• 

4 -ia 

Inoculated 21 days.. 

8.2 

; 7-6 

7*4 

8-6 | 

8.0 

4-8 

4 -i 8 

4-9 

“5 

+8 

Glycerine; 

1 









Uninoculated... 

i 6.9 

7 *o 

7.0 

7.0 

6.8 

4 - 8 .o 

4-8 

4-9 

4 -11 

4-14 

Inoculated 21 days.. 

8.1 

7.6 

7*4 

7.6 

7*4 

+ 10.5 

4-35 

4-9 

+3 

+9 

Peptone water: 

Uninoculated. 

7.0 

No test. 

7.0 

7.0 

6.8 

4-9.0 

No test. 

4-9 

4-9 

4 -ia 

Inoculated 21 days.. 

S.i 

. ..do ... 

7-4 

8.4 

7.4 

4-8 

...do... 

+ 7 

"5 

4-8 


SENSITIVENESS TO ACIDS AND ALKALIES 

In uncorrected beef juice (titrating 4-23) part made alkaline with 
sodium hydroxid and part acidulated with hydrochloric acid the titration 
range of the organism is —6 to +28 (P H 8.7 to 5.7). 

Table I shows there is a reduction in the H-ion concentration after 
the organism has grown on the media 21 days when both Witte’s and 
Difco peptone are used. A reduction of acid is indicated on Fuller’s 
scale when Difco peptone is used, while with the Witte’s peptone there 
is no uniformity of reduction or increase of acidity (indicated on Fuller’s 
scale) though the table shows there are more cases of increase than 
decrease. 

The Lewis organism increased in acidity from 4 to 8 points on Fuller’s 
scale as Table II shows. 
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Tabi^E II .—Acidity of Lewis’s geranium hafspot organism 


Medium. ; 

Fuller’s 

scale. 

Increase in 
acidity. 

Saccharose... 

Uninoculated. 

Inoculated 21 days.. 

Uninoculated. 

Inoculated 21 days.. 
Uninoculated 
'inoculated 21 days.. 

Uninoculated. 

Inoculated 21 days.. 
Uninoculated. 

4 -io 

“hiS 

4 -io 

1 8 

Dextrose... 

J 

} » 

1 . 

Maltose... 

+17 

4-8 

Lactose..... 

-1-12 

4-8 

J 4 

} * 

\ 5 

G1yf*#»rinp . . 

4-i6 

4~io 


Inoculated 21 days.. 

4~i6 

/ 6 


In neutral beef bouillon acidulated to 4-22 with, hydrochloric acid 
there is no growth. This test was made because it was not stated 
in Mr. Lewis's article what his foundation beef bouillon was. In the 
same neutral bouillon acidulated with malic acid there is growth at -f 10 
(Ph 7*i); none at 4 - 19.5 (P H 6.5). Acidulated with lactic acid, there is 
growth at +9 (P H 7.1). There is none at +22 (P H 6.1). 

Thinking that perhaps Mr. Lewis had used beef extract and Witte's 
peptone instead of beef infusion and Difco peptone, tests were made 
using beef extract media with these acids and with tartaric acid added to 
the list. 

There was growth in the extract (uncorrected + 7) made neutral and 
.then acidulated with malic acid to 4-10 (P B 6.2); no growth in +21 
(Ph 4 * 9 ) • 

With lactic acid there was growth in 4-9 (P H 6.4); none in 4-18 

(Pjf 4.9). 

With tartaric acid there was growth in 4-9 (P H 6.4); none in +20 
(Ph 4*7)- 

With hydrochloric acid there was no growth at 4-21 (P H 4.0). 

In peptonized beef juice made alkaline with sodium hydroxid, growth 
takes place to —6 (P H 8.7). No growth takes place at -9 (P H 9.1). 

With peptonized extract of beef, the titration of which was 4- 7 reduced 
with sodium hydroxid to — 2, — 6.5, and — 13.5, there was growth at — 2 
and —6.5 (P H 8.4 and 9.4, respectively). 

In a long series of tests with peptone-beef bouillon in which the beef 
juice was used, the titration range of the organism was found to be — 6 
to +28 and the P H range 8.7 to 5.7. 

Mr. Lewis’s notes are as follows regarding sensitiveness to acids and 
alkalies: 

The organism grows best in culture media that are acidulated to 4-15 or 4-20 with 
HCL Growth does not occur at 4-40 and is retarded above 4-30. The same degree 
of acidity is not tolerated when malic, tartaric or lactic acids are employed. The 
growth in 4-8.5 lactic acid appears to be about the optimum for this acid, and the 
maximum is lower than for hydrochloric. Growth fails at 4-30 tartaric and malic. 

In media titrated to —10 with normal NaOH the growth is retarded, while no 
growth occurs at —20. In neutral bouillon growth proceeds more slowly than in 
4 -io or. 4 -ao. 
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MORPHOLOGY OF THE ORGANISM 

The organism was studied in the cells of the spots on the leaves which 
had been sectioned and stained with carbol fuchsin and in 2-day-old 
beef agar cultures stained with carbol fuchsin. It is a short rod with 
rounded ends; stained in diseased material it is 0.62 to 1.46 /z long and 
0.61 j u to 0,83 jLt wide. In the agar cultures the size is 0.62 to 1.25 ju 
long and 0.41 fx to 1.04 /z wide. In cultures the rods hang together in 
chains of 2 to 16 elements, but mostly 6 to 8. Capsules were demonstrated 
in 2-day-old agar cultures stained with Ribbert's capsule stain and also 
with carbol fuchsin. 

Flagella were stained with Casares-GiTs flagella stain. There is one 
flagellum at a pole, rarely one at each pole. One case was observed of 
a branched flagellum at a single pole. No spores were demonstrated in 
a culture of any age nor were any involution forms seen. The organism 
is not acid fast nor does it stain by Gram's method but is stained readily 
with ordinary basic aniline stains. 

The morphological differences between the two organisms are slight. 
The size of the Lewis organism is 1.2 to 1.8 p. by 0.6 to 0.8 ju, with rare 
involution forms. No spores or capsules are demonstrated. It is Gram 
negative, not acid fast, and bears x to 3 polar flagella at one pole only. 

NATURAL INFECTION AND CONTROL 

The disease under the writer's observations is one that occurs through¬ 
out the Eastern States in greenhouses and attacks the plants usually 
when they are rooted cuttings and growth is being forced. We have 
never noticed the disease on old, slow-growing plants except in a few 
cases when the plant had been cured of the disease and then the spots 
were few and on leaves that had held over from the early attack. When 
the disease occurs out of doors, as it sometimes does, it is due to crowd¬ 
ing or to unfavorable weather conditions acting on susceptible varieties. 
The occurrence of the disease on the grounds of the United States 
Department of Agriculture was mentioned In the early part of this 
paper. It is probable that the disease began In the greenhouse un¬ 
observed and continued when the plants were set out in the beds, hot 
weather and moist conditions favoring a rapid development of the 
disease. It has not occurred in the grounds for the last 10 years, the 
very susceptible varieties having been discarded. 

There has never been any insect present on any of the diseased material 
received from the various sources. Occasionally geranium leaves are 
received which are infested with red spider (Tetranychus telarius L.)> 
but the spotting due to this mite is of a different type. 

From all the evidence gathered the organism seems to be one harbored 
in the soil. The disease is not a serious one unless the physical condition 
of the plant is weakened by too rapid growth and too moist or too warm 
an atmosphere with little chance of air circulating between plants, and 
last, but not least, too little care in watering. 

Experiments leading to the control of the disease could not be under¬ 
taken in the greenhouses where the disease occurred because of distance. 
Control work, however, was attempted with our own plants on which 
the disease had been produced. The spotted leaves were picked off, 
the plants separated from each other in order to give them light and 
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plenty of air, and care was exercised in watering them. Under these 
conditions the disease disappeared entirely by the end of six weeks and 
did not return. 


TECHNICAL DESCRIPTION OF THE ORGANISM 
Bacterium pelargoni, n. sp. 

A motile rod with rounded ends, usually borne in pairs, occurring also in chains 
average size 1.02 by 0.67 jx; one polar flagellum; capsules; no spores or involution 
forms noted; agar colonies cream colored, round, shining, with delicate internal 
markings; liquefies gelatin slowly; reduces litmus and methylene blue and greens 
the latter; produces ammonia, indol (slight) and hydrogen sulphid; does not reduce 
nitrates to nitrites; grows weakly in Uschinsky’s and Fermi’s solutions and not at 
all in Cohn’s; coagulates sterile milk; is aerobic; has feeble diastasic action on potato- 
starch; maximum temperature 35 0 C., minimum i°, optimum 27 0 ; thermal death 
point between 51 0 and 51.5°; resists drying six days when 6-day-old cultures are 
used; tolerates sodium hydroxid in peptone-beef infusion to —6 Fuller’s scale 
(colorimetric determination P^ 8.7) and hydrochloric acid to +28 (P H 5.7); does 
not produce gas from sugars or alcohols tested; is Gram negative; not acid fast; stains 
readily with carbol fuchsin, methylene blue, and gentian violet; is pathogenic to 
cultivated geraniums, causing dead spots on the leaves. 

The organism is unlike the one described by Lewis from Texas as the cause of a 
spot disease of Erodium amd Pelargonium and may be called Bacterium pelargoni . 
It has been reported from various parts of the Eastern United States from Virginia 
to Massachusetts and has been under observation in the Laboratory" of Plant Pathology, 
Bureau of Plant Industry, United States Department of Agriculture, at different 
times for the last 20 years. 

SUMMARY 

A bacterial leaf spot disease of the cultivated geranium occurs wide¬ 
spread in the Eastern States. It is mostly a greenhouse disease but 
occurs occasionally on plants grown out of doors. 

The organism was isolated from diseased plants received from different 
sources and the disease reproduced on the leaves of healthy plants. 

Warm, moist conditions with poor ventilation are necessary for the 
organism to infect the leaves extensively. 

Care in regulating the temperature, air, and moisture conditions of 
the greenhouse and in giving plenty of space to plants grown out of doors 
will go far toward preventing the appearance of the disease and toward 
curing it when it is present. All spotted leaves should be removed and 
destroyed. Very sensitive varieties should be discarded. 

The name Bacterium pelargoni is suggested for the organism causing 
the disease. 




PLATE i 

A.—Bacteria! spots occurring on plants in Department of Agriculture grounds, 
Washington, 3 D, C, 

B—Bacterial spots occurring on greenhouse plants in Maryland. Natural size. 














PLATE 2 


Geranium leafspot from New Jersey. Natural size. 
25621—23-6 



PIRATE 3 

A. —Geranium leaves inoculated with leafspot organism (New Jersey) by spraying* 
May 5, 1920. Photographed May 26, 1920. 

B. —Geranium leaves sprayed with water suspension of geranium leafspot organism 
(Maryland) March 31, 1915. Photographed April 25, 1915. 

Natural size* 
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HYDROGEN-ION CONCENTRATION AND VARIETAL RE¬ 
SISTANCE OF WHEAT TO STEMRUST AND OTHER 

DISEASES 1 

By Annie May Hurd 2 

Assistant Physiologist , Office of Cereal Investigations , Bureau of Plant Industry, United 
States Department of Agriculture 

INTRODUCTION 

The historical development of the subject of varietal resistance to 
disease among plants has been traced in considerable detail by a number 
of writers (4, g, 21 , 29, ji) , 3 so that a brief summary of the many theories 
proposed in the literature will suffice to give the background for the pres¬ 
ent study. Among the morphological characters which have been con¬ 
sidered responsible for resistance to some parasite are size of stomata, 
waxiness or hairiness of leaves or stems, toughness or thickness of cell 
walls or cuticle, and structure and extent of root system. Among the 
physiological characters are the ability to form cork around the invading 
organism; such rapid growth of the host that the parasite is unable to 
keep up with the growing tip; the presence of phagocytes or antitoxins 
in the host (conferring immunity in a manner analogous to that of 
animals); the activity of enzyms; the concentration of the cell sap; the 
lack of any substance stimulating the chemotropic responses of the 
organism necessary for the latter's successful entry and progress in the 
susceptible variety; the lack or subminimal amount of some nutrient 
necessary to the growth of the parasite in the host tissue; the presence 
in lethal quantity of some substance toxic to the invading organism. In 
support of these various views comparative determinations of many plant 
constituents, among them silica, manganese, cellulose, starch, sugar, 
tannin, protein, volatile oils, and acids, have been made. 

Of late years there has been considerable speculation on the probability 
that the concentration of free hydrogen-ions in the cell sap of the host is 
the determining factor in resistance. So far, no definite relation has 
been established between this character and degree of resistance to 
parasites. Hawkins and Harvey ( 14 ), working on potato varieties 
resistant and susceptible to Pythium debaryanum , Weiss and Harvey (55) 
on Chrysophlyclis endohiotica in potatoes, and Spriesterbach 4 on wheat 
rust, all report that hydrogen-ion concentration bears no relation to 
ability to resist disease. The present investigation was undertaken for 
the purpose of furnishing additional data on the hydrogen-ion concentra¬ 
tion of the expressed juice of a number of wheat varieties, some resistant 
and others susceptible to stemrust (. Puccinia graminis tritici Pers.). 

1 Accepted for publication May 13, 1922. 

* Grateful acknowledgement is here made to Dr. H. B. Humphrey and Dr. H. Hasselbring for their 
helpful suggestions and criticisms. To the office of Physiological and Fermentation Investigations I am 
indebted for the loan of equipment. 

* Reference is made by number (italic) to “ Literature cited," 384-386. 

4 Spriesterbach, D. O. biochemical study of resistance to disease in plants. Unpublished 
report referred to by Gortner (to, p. 46). 
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MATERIAL, 6 APPARATUS, AND METHODS 

Most of the plants were grown in the greenhouse; but when very young 
material was desired the seedlings were grown to a height of 3 or 4 inches, 
without light, in the germinating chambers of the Seed-Testing Labora¬ 
tory of the Bureau of Plant Industry. By this means, the possibility 
of error from soil adhering to the plants was avoided. The greenhouse 
plants were grown either on the benches or in pots; the germinator seed¬ 
lings on clean cloths on trays in the practically saturated atmosphere of 
the incubators at a temperature of approximately 20° C. The varieties 
were always grown and studied in pairs, consisting of a resistant and a 
susceptible one, as similar morphologically as possible, or in groups of 
three or four, in order that varying environmental conditions might 
affect in like degree the resistant and susceptible types in any given set of 
determinations and thus not obscure inherited differences. 

For analysis, germinator seedlings were cut off just above the seed 
and soil-grown seedlings 1 or 2 inches from the ground in order to avoid 
contamination by soil that might be clinging to the lower part of the 
culms. They were ground to a fine pulp in a food chopper which, being 
without any sharp cutting edges, macerated the material thoroughly. 
The juice was then squeezed from this pulp by hand through small 
muslin bags which had been washed and boded thoroughly in distilled 
water and used but once. The juice was kept covered in glass-stoppered 
weighing bottles, and the determinations were made as quickly as possible 
in order to avoid excessive change in reaction due to oxidations. Centri¬ 
fuging was not necessary. 

The plants were not frozen, as recommended by Dixon and Atkins (8), 
nor otherwise treated to make the cells permeable before expressing the 
sap. Harvey ( 12) has shown that freezing changes the reaction of cab¬ 
bage juice. It is true that Andre (1, 2) found that the concentration of 
the juice of untreated tissue varies inversely with the pressure applied, 
and that Marie and Gatin ( 18 ), Dixon and Atkins (8), and others have 
shown that the first sample pressed out may be more concentrated than 
subsequent ones. But Harvey (r3) points out that in a buffered plant 
juice minor differences in concentration do not change the hydrogen-ion 
measurements appreciably. 

The hydrogen-ion concentrations were determined electrometrically. 
Potential differences were measured with a high-resistance Wolff poten¬ 
tiometer which could be read to 0.00001 volt. The accessory equipment 
consisted of a Siemens and Halske galvanometer, a Weston standard 
cell standardized by the Bureau of Standards, and a 2-volt storage 
battery in series with a Wolff resistance box as the external regulating 
resistance. The hydrogen electrode usually attained equilibrium in the 
wheat juice in 10 or 15 minutes. The final reading was taken when the 
potential difference had not changed by more than 0.0002 volt in five 
minutes. The saturated calomel electrodes 6 used were made with the 
usual precautions and frequently checked by the potential difference 
obtained with the hydrogen electrode immersed in a M/20 potassium acid 
phthalate solution, P H 3.97 (6). 


® l&Cf .seed for these experiments was obtained from the agricultural experiment stations at Manhattan, 
Kans., Akron, Colo., Moccasin, Mont., Hays, Kans., Highmore, S, Dak;., St. Paul, Minn., Pullman, Wash., 
Mom, Oreg., Dickinson, N. Dak., and from the agronomic division of the Office of Cereal Investigations, 
Bureau of Plant Industry. 

* The lor m of these cells was designed by Dr # R. B. Harvey. 
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The hydrogen electrode was a piece of No, 24 platinum wire 18 mm. 
long, sealed in the end of a glass tube filled with mercury. The coating 
of platinum black was deposited in approximately 30 seconds from a 
3 per cent solution of platinum chlorid containing a trace of lead acetate. 
A freshly platinized electrode was used for each determination. 

The hydrogen electrode vessel was a stationary, closed cylinder of 
30-cc. maximum capacity, the liquid being thoroughly agitated by the 
hydrogen bubbling through it at the rate of two or three bubbles per 
second. Electrolytic hydrogen, freed from oxygen by being passed 
over a palladium asbestos heating coil, was used. It entered the elec¬ 
trode vessel through a side arm of the glass tube enclosing and supporting 
the hydrogen electrode, this tube being narrowed at the lower end for the 
•length of the platinum wire constituting the electrode so that the bubbles 
of hydrogen washed down forcibly and broke over the end of the wire. 

Most of the measurements were made at a temperature of 25°^ C. 
in a small double-walled room, equipped with pipes with circulating 
water for cooling, a fan, and a heating coil automatically controlled 
by a Harvey thermoregulator. Temperature changes were noted and 
taken into account in making the computations. 

For calculating the P H values from the potential differences measured 
Michaelis’ (20 , p. 157-158) values for the saturated calomel cell and for 
the temperature coefficient were used. The presentation and com¬ 
parison of data are facilitated by using the simple P H units of Sorensen 
(25) rather than the numbers indicating the normality of the solutions 
in terms of grams of hydrogen per liter. Throughout this work the 
procedure was to make at least three successive determinations of each 
sample, and the average of these determinations was taken to represent 
the reaction of the juice. Measurements on the same sample practically 
always agreed within 0.02 P H . 

RESULTS 

hydrogen-ion concentration and varietal resistance 

Table I is a condensed summary of the results of the hydrogen-ion 
concentration determinations of the expressed juice of resistant and of 
susceptible varieties at various stages of development, and on which 
the varying environmental conditions acted in equal degree. Each P H 
value given is an average of the reactions of at least four varieties. 

Table I. — Hydrogen-ion concentration, in P s units , of the expressed juice of wheat 
varieties in different stages of development and grown in different environments 


Environment, 

Age. 

Averages of 
resistant 
varieties. <* 

Averages of 
susceptible 
varieties. 

Approxi¬ 
mate soil 
reaction. & 

Germinating chambers. 

Weeks. 

I 

Pe 

5 - 96 (14) 
S -89 ( 7 ) 
5.86 14) 

5. 89 (11) 
6.13 ( 7 ) 

5 - 54 ( 7 ) 

Pe 

5 - 98 ,(15) 

C. 02 !'7 1 

Pb 

Greenhouse bench... 

I 

>7 

Do..... 

2 —A 

0* y* \JJ 

5 - 84 (14) 
5-87 (5) 

6.14 (4) 
5*54 ( 4 ) 

I . ■ " 

7 * 0 

Greenhouse pots (unlimed)... 

A —6 

, 7. 0 

Greenhouse pots (limed)..,.. 

• 4 - u 

4*5 

6-7 

7, 0 

Field.......A..,.... 

7 * 5 


7. 0 


a The figures in parentheses indicate the number of samples averaged. 

& Determined colorimetrieally with Wherry’s (34) set of indicators and a set of buffered color standards, 
for the use ofwhich the writer is indebted to Miss Ag^es Quirk, of the Laboratory of Plant Pathology 
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The most evident fact revealed by the data is that there is no significant 
difference in the P n values of the juice of resistant and of susceptible 
varieties of wheat. It is rather surprising that there is so little differ¬ 
ence between the reactions of plants of varieties such as Kanred, Little 
Club, and Preston wheats, and Khapli emmer, representing not only 
the extremes of susceptibility and resistance to rust but also extremes of 
morphological characteristics. Another striking fact is that there is 
little variation in the reaction of the juice of the plant at different stages 
of growth. The averages show a slightly increased acidity of the green¬ 
house seedlings 2 to 4 weeks old over that of the same plants i week old, and 
but a small further increase as the plant matures, Environmental factors 
produce changes in reaction far greater than any due to age or variety. 

Table II gives the detailed results by varieties, the grouping showing 
how they were paired for close comparison. Extra care was taken to 
grow the plants constituting each group at the same time and under 
identical conditions. The necessity for such precaution is illustrated 
by the data on germinator seedlings, which show appreciable differences 
between certain groups. These are not in any case to be taken as 
indications of varietal differences, but as indications of the effects of 
small differences in the conditions under which the groups were grown. 

Tabi^E II.— Hydrogen-ion concentration , in P s units, of the expressed juice of some 
wheat varieties resistant and susceptible to stemrust 


Variety. 


Age and place of growth, of seedlings. 


Name. 


Kanred.. 
Turkey.. 


Kanred... 
Kharkov. 


Pentad (D-5). 
Little Club... 
Khapli. 


Kota.... 
Preston. 


Mlmdum.. 
Amautka. 


Ittmillo. 

Average. 


c. 1. 

No. 


5*46 

1558 

5146 

1442 

33= 2 

4066 

4013 

5878 

3081 

5296 

4064 


1736 I R 


Resist¬ 
ant or 
suscep¬ 
tible e 


7 to so 
days in 
gercni- 
nators. 


R 

S 

R 

S 

R 

S 

R 

R 

S 

R 

S 


6. 01 
6 .01 


6. 05 
6. 08 

5-98 

5-98 


5- 99 


I to 7 
weeks 
in 

green¬ 

house. 


; 4 weeks; 
in 

green¬ 

house, 

un¬ 

tuned 

soil 


s-8? 

5-84 

5-84 

5-84 

5-87 

s-8? 

5- 81 

5-83 
5- 79 

5-88 

5-87 

5-93 


S- 85 


,4 weeks 
in 

green¬ 

house, 

limed 

soil. 


5^7 


5 -Si 
5*77 

5* Si 

5*77 
5* 72 


5*93 


5-Si 


, 3 
[months j 
in 

green¬ 

house, 

limed 

soil. 


6.16 


6.08 
6, x8 

6.16 

6.17 
6. 12 

6. 07 
6.11 

6.13 


6.13 


6 to 8 
weeks 
infield, 
poor 
[growth. 


S-88 


5-74 

5.83 
5 - 76 

5 -81 
5-75 

5 - 72 


5-78 


S- 61 


5-48 

5-59 
5-S3 

S-52 
S- 55 

S' 54 


S- 55 


a R«resistant*. S«*susceptible. See column 3 of Table III. 

■ The remarkable agreement between the values obtained for varieties 
representing widely varying morphological types is strikingly brought 
out in Table II. Consideration of the figures for any group in any column, 
and of the results as a whole, leans to the conclusion that varietal resist- 
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ance to stem rust is not determined by the hydrogen-ion concentration 
of the cell sap. 

Included in the list of wheats of which the hydrogen-ion concentration 
of the juices is given in Table II are varieties resistant and susceptible 
to diseases other than stem rust. From data kindly furnished by Dr. 
E. B. Mains on leaf rust, Mr. C. W. Hungerford on stripe rust, Dr. E. C. 
Stakman on stem rust, Dr. E. P. Gaines on stinking smut, Dr. W. H. 
Tisdale and Miss M. A. Griffiths on flag smut, Dr. J. G. Dickson (winter 
wheats) and Mr. J. J. Christensen (summer wheats) on scab, and Mr. 
R. W. Leukel on nematodes, together with the results of personal ob¬ 
servations on mildew, Table III was compiled. 


TablB III .—Resistance and susceptibility of wheat varieties to various diseases a 


Variety. 

C. I. 
No. 

Stem 
rust 
{Pucci- 
nia gra- 
minis 
iriiici ). 

Leaf rust 
{Puccmia 
; triticma ). 

! . 

Stripe rust 
( Puccmia 
gtumarum 
| tritici). 

Stink¬ 

ing 

smut 

C Title- - 
iio > 

iriiici). 

Flag 
smut 
( Uro- 
cysiis 
tritici). 

1 Scab 
( Gibber - 
ella 
saubi- 
netii). 

Mildew 

{Ery- 

siphe 

gram- 

inis). 

Nema¬ 
tode 
(T ylcn- 
ckus 
tritici). 

Field 

and 

green¬ 

house. 

Field. 

Green¬ 

house. 

Field. 

Green- 
; house. 

Field. 

Field ' 
and 
green¬ 
house. 

Field 

and 

green¬ 

house. 

Field 

and 

green¬ 

house. 

Field. 

Elan red. 

5146 

R* 

R 

! s 

S 

S 

R- 

R 

S 

S 

R 

Turkey... 

1558 

S* 

S 

— 

R- 

S+ 

R- 

R 

S 

s 

S 

Kharkov. 

1442 

S* 

R— 

— 

R 

R- 

R 

— 

S 

—. 


Pentad (D~s). 

3322 

R* 

R 

_ 

R 

_ 

S 

— 


S 

s 

Little Club... 

4066 

S+ 

S+ 

S+ 

S 

S+ ; 

S+ 

S+ 

— 

S+ 

— 

Khapli. __ _ 

4013 

: R 

R 


R- 

R 

R- 


— 

R 

— 

Kota. .».._ 

5878 

R* 

S+ 

s+ 

— 

— 

S+ 

— 

R 

S 

s 

Preston . 

; 3081 

s* 

s 

s 

R— 

R 

R~ 


R 

s 

s 

Mindum . 

5296 

R~* 

R 

s* 

S 


R~ 

__ 

S 

R- 


Amautka . 

4064 

S* 

R 

s* 

s 

S+ 

R- 

_ 


R- 

s 

lumillo .. 

1736 

R* ! 

R 

s* 

s 

s 

— 

— 

— 

S 



a R*. resistant; R— — only moderately resistant; S ■* susceptible; S-r — extremely susceptible; *«« not 
susceptible nor resistant to all biologic forms. 


The variable behavior of these varieties with respect to infec¬ 
tion by the different organisms is interesting, especially since Vavilov 
(31) has come to the conclusion that if a variety is susceptible or 
resistant to one it is very likely to be correspondingly susceptible or 
resistant to all. The uniformly high susceptibility of Little Club and 
resistance of Khapli are the only examples in the preceding table of 
consistent behavior in this regard. 

From the data given in Table II and Table III, we can conclude 
that there is no correlation between the hydrogen-ion concentration of 
the expressed juice and varietal resistance or susceptibility to any of 
these diseases. The possibility that the total acidity of the cell sap may 
play an important r 61 e in the progress of the chemical reactions between 
the host protoplasm and the destructive secretions of the invading 
fungus remains and is now being investigated; but that the concentra¬ 
tion of free hydrogen ions is a determing factor is precluded by the data 
here reported. 


EFFECTS OF ENVIRONMENTAL FACTORS AND EXPERIMENTAL PROCEDURE 
7 ON THE HYDROGEN-ION CONCENTRATION OF WHEAT JUICE 

In the following pages are described a number of experiments designed 
to determine the magnitude of errors that are likely to be introduced 
into measurements of the hydrogen- 4 on concentration of plant juices, 
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either as a result of a summation of accidental errors or as a result of 
systematic errors in operation. 

Table IV shows the results obtained from nine different plantings of 
seed of four varieties, each figure being an average of three determina¬ 
tions. They were grown at different times and so represent effects of 
the small variations in temperature, moisture, or other environmental 
conditions in the incubators, which often were sufficient to cause a notice¬ 
able difference in the rate of growth of the seedlings. Of course, the 
handling of the samples from the time the plants were cut until the 
reaction of the juice was determined was made as uniform as possible. 


Table IV .—Range in the P H values, under the conditions of the experiments, of some 
wheat varieties resistant, and some susceptible, to stem rust 


Experiment No. 

Kanred 

(resistant). 

Turkey 

(susceptible), 

Khapli 

(resistant). 

Little Club 
(susceptible). 


6. 06 

6. 06 

5-92 

5 * 92 


6 . 02 

6 . oo 

5 * 99 

5 . 86 

3 . 

6 . 02 

6 . oo 

6.00 

5*91 

4 *. 

6. 06 

S- 9 6 

5-94 

5 * 92 

5 . 

S' 94 

6. oo 

5.96 

5 * 93 

6 .. 

6. oo 

5 - 95 

6.03 

5 * 98 

7 .. 

" S* 99 

6.07 

6. 00 

5.92 


5 * 94 

6. 04 

5 * 97 

5 * 90 

9 .*. 

6. oo 

5 * 97 

S* 94 

S' 92 

Average. 

6. oo ±o.oio 

6. oi ±0. 010 

5* 97 ±0.008 

5. 92 ±0.007 


There is a difference of a little more than o. i P H between the extremes 
for each variety. 7 These are typical of the variations in the values 
obtained for any variety whether grown in the germinators or in the green¬ 
house. 

In order to determine whether minor differences in procedure during 
the handling of the sample played any part in producing the range of 
values reported in Table IV, or whether it was due solely to the slight 
changes in environmental conditions, four trays of Kharkov seedlings 
were grown in the same germinator at the same time, one above the other. 
On the seventh day these were expressed successively with the following 
results: 


Sample No. 

P s 

1... 

5. 922 

5. 92I 

5 - 9 i 6 
5.921 


3 ...... . 

4 . % ... 



The close agreement between these values would seem to indicate that 
such differences as are recorded in Table IV are to be attributed to varia- 


7 These four varieties are especially interesting from the standpoint of their resistance to stem-rust. So 
far as we know now, KhapB is very resistant to all biologic forms of this rust and Little Club is very suscep¬ 
tible to them all; Kanred is immune from certain forms to which Turkey is very susceptible. According to 
Table IV, Little Club has a slightly greater hydrogen-ion concentration than the other varieties, the small 

S robable errors of the averages makin g the difference seem significant. Whether this difference is constant 
wr this variety when grown under incubator conditions was riot determined, as too few seed lots were 
.ay«^blo- : '\ , ' : Howeve!r that may be, it is dear that the averages show no correlation of aridity with rust 
'resistance.. ■ - 
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tions in the environmental factors affecting growth rather than to errors 
in operation. In agreement with this conclusion is the statement of 
Richards (24) that— 

Experimentally considered this close connection of acidity with weather conditions 
gives an exceedingly small expectation of precisely similar results, even with material 
from the same plant. . . . Even under apparently like conditions the plants are 

not constant in acidity. 

Therefore, for varietal comparisons, no importance can be attached to 
differences of o. 1 P H between single observations when the plants are not 
grown at the same time and under identical conditions. Since so few 
determinations can be made in a single day, the necessity for averaging 
a considerable number of observations, if conclusions are to be drawn 
from small differences, is evident. 

It was found that the hydrogen-ion concentration of expressed wheat 
juice increases on standing, which is in agreement with results reported 
by Clevenger (7) and Haas (it) for alfalfa and red-clover juice. Some 
figures showing the rate at which this gradual increase in hydrogen ions 
takes place in expressed wheat juice, kept in closed weighing bottles at a 
temperature of 25 0 C., may be of interest. Three separate determina¬ 
tions were made on the same sample at intervals during the day as 
indicated below. 

A. From plants (Xumillo) 31 days old, grown in limed soil in greenhouse: 


a. m. 

10*33. 

10.45... 

11.00............... 

p» xn. 

i-So... 

2.05. 

2.15.-.... 

4.10...... 

4.25.*. 

4-35.*. 

B. From plants (Kanred) 8 days old, grown in germinating chamber: 


Ph 

6.122 
6.129 
6.132 

6.089 
6. 081 
6.071 
6.015 

5-998 

5- 99<5 


a. xn. 
9.5a 
10.05. 
10.20. 


«• 35 . f 
11.45* 

12.00. 


p. m. 
2.00. 


2.15. 

4.00. 

4.10. 


Ph 

5-941 
5- 944 
5- 939 
5- 923 
5 - 9 I 3 
5- 913 

5- 859 
5.849 
5- 813 
5. 805 


These data show that among other precautions, uniform time intervals 
between the expression of the juice and the determination of its reaction 
must be observed to avoid errors due to oxidations or other changes in the 
juice* 

Another possible source of error to be investigated was that of dilution. 
The surface moisture on both greenhouse and germinator plants, es¬ 
pecially the latter, varied at different times, and elimination of the 
resulting slight differences in concentration seemed impossible. Hempel 
(15) states that a tenfold dilution of the sap of succulent plants produces 
no essential change in the acidity. Boas (3) found that the hydrogen- 
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Ion concentration of potato juice showed no appreciable change upon the 
addition of a considerable volume of water. Harvey (ij) reports that 
the addition of one volume of water changed the reaction of the juice of 
the tobacco plant by only 0.096 P K , In the present study It was found 
that, In germinator wheat seedlings a -week old, the addition of an equal 
volume of water increased the P H value by 0.06, while the addition of two 
volumes raised it by 0.10. Greenhouse seedlings 2 to 7 weeks old 
were less highly buffered against dilution, since with them the addition 
of one volume of water produced an increase of 0.09 P H and two volumes, 
0.15 P H . No varietal differences in this respect were found, the de¬ 
terminations being made with the same result with sap from Kanred, 
Turkey, Khapli, and Little Club. Each figure given is an average of 
results obtained from six or more different samples. From these deter¬ 
minations we conclude that the small differences in concentration of the 
juice caused by excess moisture on the leaves, by methods of expressing, 
or by evaporation during handling do not produce appreciable errors in 
the hydrogen-ion measurements. 

In addition to the errors of manipulation affecting accuracy of measure¬ 
ments, those factors which influence the reaction of the cell sap in the 
growing plant must be considered before the validity of varietal compari¬ 
sons can be fully established. It was thought possible that the geograph¬ 
ical source of the seed may determine the plant's reactions to new 
environmental conditions in a sufficient degree to affect its acidity. 
Whenever possible, resistant varieties and susceptible varieties were 
obtained from the same experimental farm, but it was seldom possible to 
obtain Khapli and Little Club, the pair representing the most interesting 
extremes of resistance and susceptibility, from the same place. It seemed 
desirable, therefore, to determine the extent of agreement between the 
concentration of hydrogen-ions in seedlings from seed grown in different 
places. Below are given the P H values of germinator seedlings, a week 
old, of Khapli emmer from seed obtained from widely separated regions. 


Seed from 
Pullman, 
Wash., 1921. 

Seed from 
Dickinson, 

N. Dak., 1921. 

1 

Seed from 1 
Akron, Colo., 
292 X. 

5- 9 2 

6 . 03 

5* 94 

5- 99 

6.00 ] 

5* 96 

6.00 

5-97 

5- 94 


Three lots of Kanred, two of them from the same station, gavejthe 
following results: 


Akron, Colo., 
2922 . 

■' 

Manhattan, 
Kans., 1920 . 

Manhattan, 
Kans., 2931 . 

5-99 

6.06 

6.01 

5- 93 

6 . 02 

5* 99 

5- 94 

5- 94 

5- 9® 

5-95 

0.00 j 

5-98 

5-94 

5*99 | 

. . .. 1 

5-97 
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Obviously, geographical differences in the source of the seed have not 
resulted in sufficient differences in the metabolic processes of the seed¬ 
lings to affect the hydrogen-ion concentration of the cell sap in a signifi¬ 
cant degree. It is interesting in this connection to note that Kies sling 
(17), speaking of the resistance of barley to Helminfhosporium, states 
that the specific behavior of varieties was independent of the conditions 
under which the seed had been grown. 

As was to be anticipated from the reported results of previous inves¬ 
tigations, it was found that plants cut in the morning almost invariably 
had a higher hydrogen-ion concentration than those cut from the same 
plot in the afternoon. As the result of many researches on the diurnal 
periodicity of the acidity of plant juices, well reviewed and confirmed by 
Richards (24) and by Clevenger (7), it is a well-established fact that there 
is a diminution of acid in many plants during the day and a gradual in¬ 
crease during the night until a maximum is reached just before sunrise. 
Clevenger (7) found that the hydrogen-ion concentration of the cell sap of 
cowpeas was most acid in the morning, decreasing toward night, and in¬ 
creasing after 9.30 p. m.; and Truog and Meacham (30) reported a corres¬ 
ponding change in the hydrogen-ion concentration of alfalfa. Hempel 
(15) proved that plants kept in the dark for not too long a time become 
more acid. In explanation may be mentioned the work of Purjewicz ( 23 ), 
Spoehr (a< 5 , 27, 28 ), and others who have shown that sunlight decom¬ 
poses malic and other organic acids in vitro. The following figures 
taken from some of the data obtained during the present investigation, 
illustrate the magnitude of the difference in reaction between greenhouse 
wheat seedlings cut in the morning and those cut from the same plots 
in the afternoon of the same day, all other conditions being kept as nearly 
identical as possible. 

A . Seedlings 2 weeks old , limed soil 



Cut 9 a. m. 

Cut x p. m. 

Khapli. 

Pk 

f W 5 - 94 

l w s- 92 

f (a) 6.00 

X (6) 5 - 97 

1 6.04 

6.08 

Pk 

5 * 97 

6.04 

/ (a) 6 .13 

\ lb) 6.12 

/ (a; 6.16 

l (*)6 .x 3 

Little Club... 

Kanred..,... 

Turkey . .... 

Average....... 

5 - 99 

6. 09 



B. Seedlings 5 weeks old , unlimed soil 



Cut 9 a. m. 

Cut x p. m. 

Khapli.... 

Pk 

5 - 79 
5-73 

5* 85 
S’ 79 
5.82 

Ph 

5 -Ss 
S.80 
S- 99 
5. 82 

5 - 99 

Little Club..... 

Turkey......... 

lumillo. .............. 

Average..... 

5 - 79 

5-89 
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These data show that there is a decrease in the hydrogen-ion concen¬ 
tration of the cell sap between the hours of 9 a. m. and 1 p. m. This 
changed balance in the reactions involved in acid synthesis and decom¬ 
position is not surprising in view of the fact that they have been shown 
to be so dependent on light, temperature, and moisture conditions (24). 

The effect of soil reaction on the hydrogen-ion concentration of the 
cell sap of plants is not always the same, judging from the observations 
reported in the literature. Contrary to what one would expect, Cleven¬ 
ger (7) found that the leaves of oats, soy beans, and cowpeas were more acid 
when there was lime in the soil, although the reverse was true in buck¬ 
wheat. On the other hand, Kappen and Zapfe (16) state that liming 
the soil had no effect on the hydrogen-ion concentration of the lupine 
or bush bean, measured at the time of blooming; and, likewise, Fromsy 
(22) says that the absorption of acids by seedlings did not change the 
acidity of the sap. Truog and Meacham (30) found, however, that in 
12 out of 16 cases, including several different crop plants, lime lowered 
the reaction of the cell sap. Most of the evidence Haas (ri), obtained 
with many different agricultural plants, indicates that plants grown in 
unlimed soil have a higher hydrogen-ion concentration than those from 
limed soil, among these being wheat, although he found a number of 
plants in which the reverse was true. 

All the data bearing on this question of the effect of soil reaction on 
cell-sap reaction obtained in the present investigation, summed up in 
the foregoing figures and in Tables I and II, have been consistent in 
showing a lower hydrogen-ion concentration and lower total acid content of 
the juice of wheat from limed soil as compared to that from unlimed soil. 
However, the acidity of the limed seedlings seems to have increased to 
that of the unlimed seedlings by the time the plants were three months 
old (Table II). The data in these tables show the degree of difference 
in the P H values and indicate the necessity of eliminating the soil vari¬ 
able in any search for heritable varietal differences in cell-sap acidity. 

Whether the greater alkalinity of plants in limed soils is directly due 
to the absorption of neutralizing ions from the soil, or whether it is the 
result of some general effect on the health and vigor of the plants, is an 
open question. In at least one case it was noticed that the limed plants 
were taller and more vigorous than the unlimed ones with lower P H - 
Clevenger (7) suggested that the greater acidity of the leaves of his 
limed plants might be explained by assuming that the plants were 
healthier and metabolism more rapid, but observations on wheat made 
during the present investigation would indicate that the less vigorous 
plants are the more acid. Lack of vigor due to unfavorable conditions 
for growth has been invariably associated with high hydrogen-ion concen¬ 
tration and high total acidity. The most notable examples were wintei 
wheats grown in the greenhouse when the temperature was too high and 
which had the very low P H value of 5.5. Some 14-weeks old Kanred 
and Turkey wheats, stunted and drooping, were 5,48 and 5.50, respec¬ 
tively, while Mindum and Amautka growing alongside, heading, and in 
erect, vigorous growth, were 5.98 and 6.02. When, in other series, 
these four varieties were equally healthy in appearance, no such differ¬ 
ences were found. It was also found that plantings of any variety on a 
certain shaded bench in the greenhouse resulted in slow-growing plants 
with lower P H values than those from the other benches. It is very 
interesting to note that Truog and Meacham (30) raise the question as 
to whether the more acid reaction of lupine in limed soil might not be 
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due to the fact that liming sometimes injures this species. Also, some 
irregular results obtained by Haas (n) with plants grown in Plainsfield 
sand, in which the growth of some plants was found to be unfavorably 
affected by lime, might well be due to the fact that poor growth is associ¬ 
ated with acid accumulation. 

In the last column of Table II are given the P H values of a number of 
varieties grown in the virgin soil of a cleared plot in a woodland (Cabin 
John, Md.). The weather during their growth was very unfavorable, 
being warm and humid, and the plants when 6 weeks old were far from 
vigorous. The winter varieties, Kanred, Turkey, and Kharkov, grew so 
poorly and were so badly infected by Erysiphe that no determinations 
were made on them. The high acidity of these samples was very interest¬ 
ing because the P H values agreed closely with the results obtained from 
unhealthy greenhouse plants. It is interesting to note that Spriester- 
bach (unpublished report) found that frost caused a definite increase in 
the hydrogen-ion concentration of wheat plants. 

Fungous infection, often present in these cases, was mostly mildew and 
leaf rust, but the acidity measurements bore no relation, as a rule, to the 
presence or the degree of infection, so that the acid accumulation was 
attributed usually to physiological derangements of some of the meta¬ 
bolic processes. Wagner (ja), however, claims that the diminution of 
hydrogen-ion concentration immediately following the injection of 
phytopathogenic bacteria is followed by a steadily increasing acidity 
until the end of the incubation period, falling back to normal if the 
plant successfully resists infection. Maze (rp) says that fungi are active 
destroyers of organic acid, and Boas (3) says that the acidity of potatoes 
affected by the leaf-roll disease Is less than that of healthy plants. How¬ 
ever, Harvey (i 3) found that the hydrogen-ion concentration of tobacco 
plants affected with the mosaic disease was somewhat greater than that 
of the healthy plants, and Weiss and Harvey (33) state that the potato- 
wart organism caused an Increased acidity (P H 6.00) of the diseased 
tissue as compared to the healthy tissue (P H 6.49). 

In some of the writer’s sowings it was found that wheat plants badly 
Infected with Erysiphe graminis were abnormally acid, and it seemed pos¬ 
sible that pathological trouble was causal. This was quite clearly indi¬ 
cated by Little Club, which was most susceptible to Erysiphe, yet which 
grew vigorously at greenhouse temperatures when free from disease. In 
one series, in which Kota, Preston, Pentad (D-5), Mindum, Arnautka, 
and Khapli, apparently clean, had P H values averaging 5.80, Little Club, 
Kanred, and Turkey, badly infected, had P H values of 5.63, 5.64, and 
5.67, respectively. In such cases, however, it is impossible to say that 
the acid accumulation was directly due to the activities of the fungus, as 
it may well have been the result of decreased vigor attendant upon 
infection. 

CONCLUSIONS 

(1) It appears from the data presented In this paper that there is no 
correlation between the hydrogen-ion concentration of the expressed 
juice and the resistance or susceptibility of wheat varieties to disease. 

(2) Environmental factors produce much greater differences in the 
hydrogen-ion concentration of the expressed juice than were ever found 
between varieties or between plants of different ages grown under Iden¬ 
tical conditions. 
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(3) The P H value of the juice of wheat plants grown in the greenhouse 
averages 0.1 higher when the plants are cut at 1 p. m. than when they 
are cut in the morning about 9 o’clock. 

(4) The hydrogen-ion concentration of the juice of wheat plants 
grown in limed soil is lower than that of plants grown in unlimed soil. 

(5) Lack of vigor as shown by unhealthy appearance of wheat plants 
is always accompanied by an abnormally high acidity of the expressed 
juice. 

(6) Plants badly infected with Erysiphe graminis are more acid than 
adjacent plants free from infection. This may be due to the poor physical 
condition of the plants and not to any direct effect of the presence of the 
fungus. 

(7) The geographic source of the seed does not affect the hydrogen-ion 
concentration of the juice of the plants. 

(8) The concentration of hydrogen ions in expressed wheat juice in¬ 
creases on standing. 

(9) Dilution of the expressed juice decreases the concentration of 
hydrogen ions, the addition of two volumes of water to one of juice in¬ 
creasing the P H value by 0.10 to 0.15. Young germinator seedlings are 
more highly buffered against dilution than older greenhouse plants. 
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COTTON-WII/T, A SEED-BORNE DISEASE 1 

By John A. Elliott 2 
Arkansas Agricultural Experiment Station 

INTRODUCTION 


The possibility that cotton-wilt is spread by means of infected seed 
has been recognized for many years, but in the previously reported 
experiments conducted for the purpose of determining whether or not 
the disease was seed borne negative results were secured. Fulton 3 dis¬ 
cussed the possibility of the disease being carried to new localities on 
seed but reported that— 


The writer has made numerous attempts to secure cultures of the wilt fungus from 
seed taken from badly wilted plants but without success. 

Gilbert 4 later attempted to introduce the wilt into uninfected soil by 
means of seed obtained from wilted plants. Apparent negative results 
were obtained in a test covering four successive years on the same piece 
of ground. 

While working with some of the other cotton diseases in Arkansas, 
the writer was struck by the not infrequent occurrence of isolated wilted 
plants in otherwise healthy fields, and often on practically virgin land. 
It was often suggested by the farmers that the disease was introduced 
in the seed. The possibility of the disease being seed-borne is very 
evident to one familiar with the disease and the methods of cotton 
planting. As with most wilt diseases, plants die throughout the season 
and some live through to frost. The most severely attacked plants, or 
those infected earliest, die without producing mature bolls. Many 
wilted plants, however, produce mature bolls before dying. Usually the 
plant dies, leaving many bolls in various stages of maturity, some of 
which open or partly open during the picking season. During a period 
of wet weather the wilt fungus grows out to the surface of the dead 
terminal twigs of the diseased plants and often covers the surface with a 
coating of spores. Under such conditions it is hard to conceive how 
any of the “seed cotton” from a badly wilt-infected field could escape 
carrying the spores of the fungus on the lint. 

In the spring of 1920 over 200 bushels of cotton seed were delinted by 
the concentrated sulphuric-acid method and further disinfected by soak¬ 
ing in 1 to 1,000 corrosive sublimate solution. Most of this seed was 
planted on virgin timber-land slash in Mississippi County, Ark., at a con¬ 
siderable distance from other cotton land. In this field of nearly 200 
acres occasional wilt-infected plants appeared throughout the season. 
No satisfactory explanation of their occurrence other than that the 


1 Accepted for publication July n, 1922. 

* The writer acknowledges the assistance of Mr. R. V. Crawford in carrying on the isolation and inocu~ 

laUon csrperiments, -. . 

* Fttlton, H. R. COTTON ml La. Agr. Exp. Sta. Bui. 96, 15 p. f illus. 1907* 

* Gilbert, W. W. cotton diseases and their control. U. S. Dept. Agr. Fanners" Bui. 1187, 32 p.» 
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organism was carried within the seed seemed possible. In 1921 in a small 
plot of cotton grown at Fayetteville, from thoroughly surface disinfected 
seed, two wilt plants appeared. The plot was far from the cotton area 
and had never before been planted to cotton. One of the two diseased 
plants died early, producing no bolls; the other lived throughout the 
season. These two cases strongly suggested the possibility that the 
cotton-wilt fungus may be carried on the inside of the seed coat, and 
the experiments here reported were directed primarily toward discovering 
whether or not such was the case. 

METHODS OF PROCEDURE 

Seed was carefully selected from wilt-infected cotton plants, delinted 
with concentrated sulphuric acid as a preliminary treatment, then further 
disinfected before planting. The seed was germinated under aseptic 
conditions, and as far as possible all fungi appearing on either viable or 
dead seed were identified. Fungi which from their morphology and their 
biochemical reactions were judged to be Fusarium vasinfedum Atk. were 
saved for further tests expected to establish their identity. No fungus 
was definitely accepted as being F. vasinfedum until successful inocula¬ 
tions of cotton plants had been secured. At first the plants which had 
died, apparently of wilt, were strongly surface sterilized, and the fungus 
was reisolated from all parts of the stem; but in the later tests the typical 
wilting, accompanied by the blackening of the xylem, was considered 
final proof of the identity of organism as F. vasinfedum . 

ISOLATION OF THE FUNGUS 

Seed from badly wilted cotton plants, in which the vascular infection 
could be traced into the bolls from which the seed was taken, was selected 
in the field September 21 to 24, 1921. The selections were made with 
particular care, which fact probably had much to do with the results 
subsequently obtained. After the longer lint had been hand picked 
from the seed, the seed was delinted with concentrated sulphuric acid, 
washed and dried, and put away in a cloth bag until used for plating. 
Each lot of seed was again subjected to about five minutes' treatment 
with concentrated sulphuric acid, washed, treated for two minutes in 
1 to 1,000 mercuric-chlorid solution, and washed in sterile water before 
plating. It would seem impossible for any organism external to the 
seed coat to survive this treatment, and all organisms isolated from seed 
so treated have been considered as coming from inside the seed coat, 

Plating was begun September 27, three days after the seed was gath¬ 
ered. Four series of platings were made within a month of the time the 
seed was gathered, and the wilt fungus was isolated 31 times from 524 
seeds, or from practically 6 per cent of the seeds plated. Within three 
months from the time the seed was gathered, the fungus had been iso¬ 
lated from 39 of 769 seeds plated. The first plating was made on corn- 
meal agar, but in ah following series the plating was done on white blot¬ 
ting paper in Petri dishes sterilized in an autoclave. All fungi appearing 
on the seeds were saved for identification, at first by transferring them to 
com or potato agar stants, later by transferring the suspected fungi to 
rice tubes for the color reaction of the fungi, which in the case of the wilt 
organism is rose pink, or a little darker. Germinated seeds which showed 
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no indication of disease were transferred to test tubes of com meal or 
potato agar, originally with the intention of using them for inoculation 
tests, but, as several of these seedlings developed signs of wilt, they were 
saved in later series for the purpose of observing possible development 
of signs of wilt infection. Nearly half of the total isolations of the wilt 
fungus were secured by this method (PL 2, A). 

After the definite identification of some of the fungi isolated from the 
cotton seed as Fusarium 'vasinfecium, the remainder of the seed was 
saved for plating at intervals of about one month, for the purpose of 
determining the length of time the fungus may remain viable within the 
seed. 

The isolation series is given in Table I. 

Tabus I .—Isolations of Fusarium vasinfecium from cotton seed . 


Date isolated. 


Series. 


Number 
of seeds. 


Number 
of isola¬ 
tions of 
F. vasin- 
fectuni. 


Viable 

infected 

seed. 1 


Viable 
seed not 
infected. 1 


Dead 

infected 

seed. 1 


Dead 
seed not 
infected. 1 


Sept. 27, 1921. 

Sept. 28, 1921. 

Oct. 6, 1921. 

Oct. 16, 1921. 

Oct. 25, 1921. 

Dec. 12, 1921.... 

Jan. 17, 1922. 

Feb. 16, 1922... 

Mar. 14, 1922.... 

Apr. 17, 1922.. 

Sept. 27 to Oct. 16, 


A. 
X. 

B. 

C. 

D. 
H. 
K 


T.. 

F 2 , 


i°5 
119 
150 

150 

150 

95 

100 

200 

200 

200 




68 

77 


3 46 


no 

109 

50 

35 

80 


1 35 

1 45 

3 42 

1 54 

3 116 


82 


1 

1 


217 


1922. 

Total 


1,469 


46 


22 


4 i 3 


14 


45 s 


1 The isolation of the wilt fungus only is considered here in the terms "infected” and "not infected.” 

2 The F series was isolated from what at first were apparently healthy seedlings from the series A, X, B„ 
and C, after these had grown for some time on agar in test tubes. 


An examination of Table I will show that the percentage of isolations 
of Fusarium vasinfecium fell off rapidly after the third month. The fun¬ 
gus was recovered 39 times from 769 seeds plated within three months 
of the date of collecting, and only 7 times from 700 seeds plated from the 
fourth to the seventh month, the percentage of isolations falling from 
approximately 6 per cent in the first month to y 2 per cent in the sixth 
and seventh months. The plating of April 17 exhausted the supply of 
selected seed. For the first six series of isolations, plump, viable-appear¬ 
ing seed was selected, which left a large percentage of light, immature 
seeds in the later series and may have affected the results to some extent, 
although there is no apparent reason why it should, unless the presence 
of the wilt fungus in the immature seed may have been more often 
masked by the presence of other fungi. 
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INOCULATION EXPERIMENTS 

As lias been stated above, positive inoculation results were made the 
final proof of the identity of the isolated organisms as Fusarium vasin ~ 
fectum Atk. Fusaria which from their morphology were judged to be 
the wilt organism were used to inoculate pots of soil sterilized in an 
autoclave. Com meal or cottonseed meal cultures were used in the 
earlier tests. Also, uninoculated meal was put in the control pots, but 
the meal made so favorable a medium for fungous and bacterial growth 
that plants in both the control and inoculated pots were killed by almost 
any organism which chanced to infect the meal. The use of even small 
quantities of com or cottonseed meal gave these results. The toxicity 
to cotton seedlings of the banana-wilt fungus as reported by Brandes 5 
can probably be explained as a similar case of “ damping-off.” This dif¬ 
ficulty was avoided by the use of sterilized cotton stem fragments carry¬ 
ing the Inoculum, the infected material being placed under the surface 
layer of soil at the time the seed was planted. Apparently healthy 
acid-delinted seed was used for all plantings. 

The seedlings growing in soil infected with the wilt organism in some 
instances began to show the effects of inoculation in eight days after 
planting, while occasional plants lived for several weeks or months after 
the other plants growing in the same pots had died of wilt. There was 
apparently much variation in the virulence of different cultures isolated, 
judging from the behavior of the plants in different pots In the same 
series of inoculations. If the seedlings did not wilt soon after germina¬ 
tion, they usually survived for a considerable time before showing signs 
of Infection. No culture which had not been judged from its morphology 
to be of the wilt organism ever caused an infection resembling wilt, al¬ 
though all Fusaria obtained among the earlier isolations were tested for 
possible pathogenicity. The color reaction of the wilt fungus on rice 
also came to be considered an almost positive indication of its identity, 
and, in later series, no cultures were used in infection experiments which 
did not give the characteristic color reaction. While at first the organism 
was reisolated from all parts of the wilted plants, in later inoculations the 
wilting of the plants, coupled with the typical blackening of the xylem, 
was considered sufficient proof of the identity of the organism as Fusarium 
vasinfedum (PI. i. A). In the earlier series both uninoculated pots and 
pots inoculated with known wilt cultures were run as controls, but in 
the later series the known wilt controls were omitted. Table II summarizes 
the inoculation experiments. 

An examination of Table II will reveal a great variation in the length 
of time elapsing between the planting of the seeds In the inoculated soil 
and the isolation of the fungus from infected plants. This may have 
been due to various causes. In some cases the plants died without 
showing positive indications of wilt but merely rotted off at the soil line. 
During the winter months the growing conditions were very unsatis¬ 
factory, because of poor greenhouse facilities. Apparently there was a 
great variation both in the virulence of the cultures and in the resistance 
of plants. Practically every culture has been tried out two or three 
times, and some have been consistently highly destructive while others 
have been less so. In some cases a plant or two survived a long time 

» Brandes, E. W. banana wilt. In Phytopathology, v. <?, p. 339-389 , 5 fig., pi. 21-34 (partly col.) 
3919. Literature cited, p. 388-389. ' 
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after the others had died, as in the case of the culture D 9. The pot 
was inoculated on November 28, the first reisolation of the wilt fungus 
from a wilted plant was made February 5, and the last plant shed all its 
leaves on March 18. This plant had a blackened xylem from the roots 
to the growing point of the plant (PL 1, B). Some of the other cultures 
produced rather mild cases of wilt in plants which grew for several 
months. 

Table II.— Inoculation experiments with Fusarium vasinfectum isolated from cotton 

seed . 


Date planted. 

Series No. 

Wilt reisolated. 

Date planted. 

Series No. 

Wilt reisolated. 

Nov. 28,1921 

A 9 . 

Feb. 

21,1922 

Mar. 13,1922 

H 13. 

Apr. 

27, IQ 22 

Do.. 

B I. 

Dec. 

15,1921 

.do. 

Ki. 

Apr. 

22, I922 

Do.. 

b 2 . 

Dec. 

23,1921 

Mar. 29,1922 

ji. 

June 

I, 1922 

Do. 

B 4. 

Feb. 

23,1922 


J*. 

|Jnne 

3,1922 

Do. 

Be. 

Apr. 

18,1922 


J 3 . 

June 

I,1922 

Do. 

C2.; 

Jan. 

23,1922 

Apr. 24,1922 

Y 1. 

June 

3,1922 

Do........ 

C 4 . 

Feb. 

5,1922 

May 22,1922 

A 10..... 

June 

I,1922 

Do. 

Cs. 

Dec. 

15,1921 

.do. 

B 6. 

June 

3,1922 

Do. 

C 10.... 

Dec. 

17,1921 

.do. 

B 11. 

May 

30,1922 

Do. 

CI2...J 

Feb. 

13,1922 


d 4 . 


o 

Do.i 

D 7 .i 

Mar. 

23,1922 

.do_____ 

D 6........ 


() 

Do. 

D 9. 

Feb. 

5,1922 

.do. 

D 15.. 

June 

10,1922 

Do.i 

Fi..! 

Feb. 

13,1922 

.do. 

F 3 . 


( 2 ) 

Do... i 

F 2.._ 

Dec. 

17,1921 

.do. 

F4. 

June 

io, 1922 

Do.#-.... 

FS. 

Dec. 

15,1921 

.do. 

F 8. 

. Do. 

Do... 

F 6 . 

May 

18,1922 

.do. 

F 9 . 

June 

16,1922 

Do.... ; 

F 7-- — 

Dec. 

30,1921 

.do. 

F 10. 


■<*)■ 

Do..', 

Xi. 

Dec. 

23,1921 


F ii. 

June 

5,1922 

Do. 

x 3 . 

Dec. 

15,1921 


F 12.. 

June 

7 ,IQ 22 

Do. 

X 4 . 

-do.. 

...do... 

F 13. 

June 

12,1922 

Do. 

X 5 . 

Dec. 

17,1921 

.do. 

X2. 


( 2 ) 

Mar. 13,1922 

H 6 . 

June 

3,1922 

.do... 

: J 4 . 

May 

31, 1922 

Do. 

H8., 

Apr. 

27,1922 


Ti. 

! June 

5,1922 


1 Pot destroyed. 

* These cultures had not produced wilt up to Oct., 1922. 


LONGEVITY OF THE WILT FUNGUS BORNE EXTERNALLY ON COTTON 

SEED 

The isolation of the wilt fungus from surface-sterilized seed plated 
April 17 and its successful inoculation on cotton seedlings proved quite 
definitely that the cotton-wilt fungus can live over from one season 
to the next within the cotton seed. Another point of interest was the 
length of time the fungus spores would remain viable on the outside of 
the seed. In an effort to determine this point, on January 2 a con¬ 
siderable quantity of undelinted seed was quite thoroughly infected by 
mixing it with a large culture of the known wilt organism growing on 
inoculated cotton stem fragments. After thorough mixing to secure a 
good distribution of the spores the stem fragments were picked out. 
This seed was first air dried, then put away in a covered battery jar. 
From 50 to 100 of these seeds were plated out each month up to May 
23. At every plating from 80 to 100 per cent of the seed yielded 
viable spores of the wilt organism. The identity of the organism iso¬ 
lated from this seed was determined by its morphology and color reaction 
and in no case by inoculations. The later platings have been made 
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on white blotting paper which before sterilizing was dipped in a rice- 
starch solution so that the color reaction of the fungus may be observed 
as soon as the growth of the fungus begins. The color produced on the 
rice-starch paper is much darker purple, more like the iodin starch 
reaction, than that produced on rice alone, but it is quite constant and 
was considered dependable in this test. 

On May 3 infected seed was planted in three short rows in soil which 
had never before been in cotton. About 1,000 seeds were planted, and the 
germination was good. On May 27 a dozen or more of the seedlings from 
this planting were found dying and thoroughly infected with wilt. On 
June 9 the plants were thinned to two or three in a hill, leaving 378 plants 
in the plot. All plants removed were examined, by sectioning, for signs 
of wilt. Of the 493 plants examined, 32 gave evidence of wilt infection, 
making about 5 per cent of the plants showing infection up to that time. 

How long the spores on the seed will remain viable in this test-still 
remains to be determined, but it is very evident that it will live the usual 
period between picking time and planting. It is probable that the 
number of spores occurring on the artificially inoculated seed is con¬ 
siderably greater than is likely to occur naturally, but Edgerton 6 has 
shown that the number of spores of various fungi occurring naturally on 
cotton seed may be enormous. Under favorable conditions the number 
of Fusarium vasinfedum spores could easily be as high as reported by 
Bdgerton for other fungi, and, under the ordinary bin storage of cotton 
seed, at least a considerable number should remain viable until planting 
time. 

It would seem likely that spores of the wilt fungus might be introduced 
into a field without infecting the soil, or at least that several years might 
elapse after its introduction before the infection would become noticeable. 
In the light of the result^ obtained in the writer’s work, it would seem 
that some such explanation must be necessary to account for Gilbert’s 7 
apparent negative results. In the planting of artificially infected seed 
mentioned above, at least 80 per cent and probably 100 per cent of the 
seed carried the wilt organism at the time of planting, yet only a very 
few plants died of wilt in the early seedling stage and those could easily 
have been overlooked if the plot had not been examined carefully. At 
the time of thinning, also, only a few of the plants having wilt showed a 
general infection, and many of those infected might not have given much 
external evidence of the disease if they had remained in the field. 
Undoubtedly those seeds which carry the wilt internally stand a poor 
chance of producing a plant that will live more than a very short time, 
and it is probable that an introduction of the wilt by such seed would 
escape notice the first year unless secondary infection of adjoining plants 
should take place. 

It would seem that under the present system of saving cotton seed and 
the planting of very large quantities of seed to insure a stand, every step 
in cotton planting favors the introduction of the wilt disease into new fields 
and its general distribution in all fields. The results of the present 
work would seem to justify the recommendation that seed for planting 
purposes shall not be saved from fields badly infected with wilt. Acid 


8 Edgbrton, C. W. thu rots of the COTTON boll* La. Agr. Exp. Sta. Bui. 137,113 p., 13 pi. (in text). 
1913, Bibliography, p. 81-85. 

7 Gilbert, W. W. cotton diseases and their control. U, S. Dept. Agr, Farmers’ Bui. 1187. 32 p.. 
38 fig. 1931. 
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delinting will undoubtedly reduce the chances of introducing the disease, 
although organisms carried within the seed coat will escape this treat¬ 
ment. 

SUMMARY 

The cotton wilt organism, Fusarium vasinfectum Atk., was isolated 
from strongly surface-sterilized cotton seed, indicating that the organism 
is at times carried on the inside of the seed coat. The pathogenicity of the 
organism was proved by inoculation experiments. Artificially inocu¬ 
lated seed carried the viable organism on the seed lint for at least five 
months. The wilt disease was introduced into wilt-free soil by means of 
artificially infected seed. It is recommended that badly infected fields 
be rejected as a source of seed for planting. 



PLATE i. 


A. —Sections of healthy cotton plant from control pot on right. Sections of plants 
from pot inoculated with culture No. H 8 on left. 

B. —Plants above in uninoculated control pots. Plants below in pots inoculated 
with culture No. B i, X 3, C 5, X 4, F 5, all dying of wilt. 

(394) 
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PLATE a. 


A. —Four seedlings from surface-sterilized seed, transferred to agar tubes when 
apparently healthy. The plant in tube A was killed by Colleiotrickum gossypii t 
the plant in tube W by Fusanum vasinfectum, \ The other plants were healthy. 

B. —Plant W after living 5 months m pot inoculated with culture D 9. Plant C 
from control pot of the same series. 

(395) 
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IRON AND MANGANESE CONTENT OF CERTAIN SPECIES 

OF SEEDS 1 

By J. S. McHargus 

Research Chemist f Department 0/ Chemistry, Kentucky Agricultural Experiment Station 

The occurrence of manganese and iron in the seeds of different species 
of plants has been noted by a number of investigators. However, there 
are but few data which show the amount of each of these elements con¬ 
tained in different species of seeds. n 

Headden 2 found that the amount of iron contained in the straw of 
wheat was two and one-half to six times the amount of manganese, while 
in the kernels the manganese is approximately equal to the iron and at 
the same time is higher, as a rule, than in the straw. 

More recently Jones and Bullis 3 have shown that manganese is con¬ 
tained in considerable amounts in the aerial portions of certain leguminous 
plants, and from their results they conclude that alsike clover utilizes 
manganese in larger amounts than any other legume commonly grown 
in the State of Oregon and that alfalfa makes the least use of it. 

Since the writer 4 has obtained data which show that manganese is a 
necessary nutrient in the growth of plants, it therefore becomes a matter 
of interest to make a determination of the amount of iron and, manganese 
contained in seeds of some species of plants and to correlate the 
results obtained. 

The results contained in this paper, have been obtained on samples 
of seeds procured from several different parts of this country. Most of 
the samples of wheat were obtained through the courtesy of the Kansas 
and Nebraska Experiment Stations and represent some of the more 
useful varieties grown in these and other States. A few of the samples 
of wheat and oats were obtained from the Departments of Plant Breed¬ 
ing and Farm Crops at Cornell University and had been grown on the 
experimental plots at that institution. Most of the other seeds were 
obtained from a seed company at Lexington, Ky., but the localities 
in which they were grown are not known to the writer. 

The methods used in the estimation of the iron and manganese in 
the seeds were: For iron, the colorimetric thiocyanate method; 5 and 
for manganese, the colorimetric periodate method. 6 


1 Accepted for publication Oct. 16,1933. Published with the approval of the Director of the Kentucky 
Agricultural Experiment Station. 

2 Headden, William P. occurrence os manganese in wheat. In Jour. Agr. Research, v. s» P- 349 - 
355., 1915. Diterature cited, p. 355. 

* Jones, J. S., and Bums, D. E. manganese in com money grown legumes. In Jour. Indus, and 
Engin. Chem., v. 13, p. 524-525. 1921. 

4 McHargue, J. S. the Role of manganese in plants. In Jour. Amer. Chem. Soc., v. 44, p. 1592-1J9S. 
2 fig. 1922. 

s Scott, Wilfred W.» ed, standard methods of chemical analysis, p. 22a. 1917. 

* Willard, Hebert H., and Greathouse.. Lucien H. the colorimetric determination of manga¬ 
nese BY' OXIDATION WITH periodatb.' In Jour. Amer. Chem. Soc., v. 39, p, 2366-2377. ■.1917. ""Biblog-, 
raphy, p. 23.76-2377. 
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It is known that the presence of considerable phosphorus affects the 
accuracy of the colorimetric thiocyanate method for the estimation of 
iron. The following experiment was performed to determine whether 
the amount of phosphorus contained in seeds was enough to affect the 
estimation of iron by the thiocyanate method. Graduated portions of 
a standard solution made by dissolving 5 gm. of potassium phosphate 
(KH 2 P 0 4 ) in 100 cc. of water were measured out into a series of test 
tubes. The phosphorus contained in the different tubes varied from an 
amount much less than that found in seeds and gradually increased 
until the phosphorus content was several times this amount. To the 
tubes containing the different concentrations of phosphorus were added 
equal amounts of the necessary reagents including 2 cc. of a standard 
ferric iron solution, and the red color produced compared with the color 
developed in a tube containing an equal amount of all of the reagents 
used in the experiment except phosphorus. 

No observable effect on the color of the solution could be detected 
until the phosphorus content was approximately .05 gm., an amount 
which is much in excess of that contained in an aliquot necessary for 
the estimation of iron in seeds. The color produced with thiocyanate 
in the presence of greater concentrations than .05 gm. of phosphorus 
was yellowish red instead of blood red as was produced with lower con¬ 
centrations of phosphorus. 

The results obtained represent the amounts of iron and manganese 
contained in the moisture-free seeds. 

Table I .—Percentages of iron and manganese found in the different species of seeds 


WHEAT 


Variety. 

Fe. | 

Mn. 

Big Flame. . 1 

Per cent. 

0. 0031 
. 0036 

■ °°$. 2 
. 0051 
.0043 
, 0032 

• 0039 ! 

. 0041 
. 0040 
. 0042 

Per cent. 

O. 0043 
. 0049 
. 0042 
. 0049 
.0038 
. 0061 
. 0036 
.0037 
.0073 
. 0043 

Dawson. 

Gold Coin... 

Gvpsv ..... 


Nebraska No. 60. . .... 

Kanred... 

Red Wave...... 

Ghirka. 

Mutant (Nebr. No. 28).'. 

Average. 

.0039 

. OO47 



SPRING OATS 


White........ 

0. 0046 
. 0049 
. 0078 
. 0062 
.0034 
. 0052 
,0034 
. 0042 

0. 0058 
. 0048 
•0035 
.0038 
. 0048 
. 0060 
.0052 
.0052 

Do... 

Do. 

Black... . 

Burt ... : 

Rust proof . 

Mixed . . , 

Victory . 

Average . f . 

, 0050 

. 0049 
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Table i. —Percentages of iron and manganese found in the different species of seeds —Con, 

GARDEN PEAS 


1 

j 

Fe. j Mn. 

1 ' | 

Alaska...] 

: Per cent. 

0. 0070 
. 0080 
. 0128 

Per cent. 

O, OOI2 

. OOIO 

. 0014 

Telephone... J 

Gradus. ..i 

Average. 1 


. OO96 

| 

. 00X2 



garden beans 


Tennessee Green Pod. 

Kentucky Wonder Thrown seeds) 
Kentucky Wonder (white seeds). 

Pole Tima... 

Bunch Lima. 

Average. 


O. OIOO 

0. 00x7 

. OIIO 

. 0016 

. 0128 

. 0018 

. 0080 

• 00x8 

. OIOO 

. 0019 

.0103 

»0018 


SOYBEANS 


Brooks. 

Mandarin.. 

Manchu_____ 

Kansas No. 1430 

Haberlandt. 

Black Eyebrow. 

Chestnut. 

Sooty. 

Peking- 

I to San. 

■ Average.. 


0. 0057 

0 . 002 X 

. oo8x 

,002$ 

, 0072 

. OO25 

. 0062 

• 002 3 

. 0088 

• °°33 

. 0080. 

• 0025 

. 0087 

.0033 

. 006 X 

. 0023 

. 0074 

. 0041 

.0081 

.0031 

.0074 

. 0028 


CLOVERS 


Alsike.... 

0. 05x7 
. 002 X 

■ ' 

0. 0028 

Red . 

. 0038 
. 0022 

White. ... . 

, 0020 

White (sweet) ... ... 

. 0290 
.0015 
. 0060 

. OO27 
. 00X4 
. 0029 
*0155 

. OO23 
, 0012 

Yellow (sweet). 

Crimson ..... 

Tanan ... 

.0300 

.0085 

. OIOO 

Vetch. ...... 

Alfalfa . ; 


Average. ......... 

. 0156 

.OO39 



GRASSES 


Redtop. 

Timorny. 

Kentucky bluegrass 

Orchard grass. 

Millet. 


a qi6o 
. 0061 


e 


•0350 
. 0070 
• 005a 


o. 0510 
.0072 
.008s 
. 0176 
. 0017 
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Table i .—Percentages of iron and manganese found in the different species of seeds —Con, 

grasses— continued 



■ffc. 

f 

Mu, 

CVts (wfri+p TFT.Is) f . 

Per cent, 

. 0017 
. 0026 
. 0078 

Per cent- 
. 0007 
. 0004 
. 0019 

Com . f . 

Canp ^ftfvrghiitrp . 

A wrap .. 

. 0107 

. OIII 


miscellaneous 

ftimftnwer.. 

0. 0034 
. 0210 
• °°85 
. 0059 
. 0240 1 

0. 0023 
.016s 
.0038 
. 0046 
. 0070 

Hemp... 

Flax". 


Tobacco... 


In the foregoing results the following points of interest are worthy of 
mention. 

In the samples of wheat the average percentage of manganese is slightly 
greater than that of iron, which shows that the capacity of this plant 
for storing manganese in the seed is as great as its capacity for storing- 
iron. This fact suggests the possibility that manganese may perform 
a function of equal importance to that of iron in the plant's metabolism. 
In one-half of the number of samples the iron was slightly greater than 
the manganese in the same sample. The largest percentage of manganese 
was found in the Ghirka variety and the largest percentage of iron in the 
Gypsy. 

In a previous article by the writer 7 it was pointed out that manganese 
occurs in greatest concentrations in the outer membranes of this seed 
and least in the starchy, glutinous material in the interior of the endo¬ 
sperm. It is therefore evident that in the processes of manufacturing 
the highest grades of patent Hour most of the manganese is removed in 
the offal. Then, if it should be proved that manganese is also a necessary, 
element in the diet, it is apparent that patent flour would contain less 
manganese than whole wheat or graham flour. 

The average results for iron and manganese in oats show that these two 
elements are more nearly equally distributed than in wheat. 

In the preparation of oatmeal for human consumption the manganese 
would not be eliminated in the offal to the extent it is in the manufacture 
of flour from wheat. Therefore oatmeal affords one of the richest sources 
of manganese in food, and it is quite probable that it does add some 
nutritive value to this material. 

The average results for iron and manganese in garden peas and beans 
are approximately the same in each of the different kinds of seeds. It is 
also of interest to note that the iron content is more than six times the 
amount of manganese in these seeds. The iron content in peas and 
beans is almost three times that found in wheat and twice the amount 

T MeH argue, J. S. the occurrence and significance of manganese in the seed coat of VARIOUS 
msm. In Jour. Amer, Chem. Soc., v. 36, p. 2532-2536. 1914. 
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contained in oats. The manganese content of wheat and oats is approx¬ 
imately three times that contained in peas and beans. 

In io different varieties of soybeans the average percentage of iron 
was nearly three times as large as the average percentage of manganese. 
Since soybeans have some use as a food and feed material it is of interest 
to note that they supply a relatively large amount of iron in the diet... 
Soybeans contain less iron than garden peas and beans, but more man¬ 
ganese. 

The average results for nine varieties of clover show an iron content 
of nearly four times that of manganese. The average percentage of iron 
is about twice the iron content in soybeans, while the manganese con¬ 
tent is about the same. Alsike clover contains nearly 20 times as much 
iron as manganese. While white sweet clover contains a little more 
than 10 times as much iron as manganese, yellow sweet clover contains 
nearly equal amounts of each of these elements. Both the white and 
yellow sweet clover seeds had been decorticated. The iron content of 
Japan clover is about twice that of manganese. The clovers contain 
considerably more iron than any of the other species of seeds examined. 

In the grasses, redtop contained more than three times as much man¬ 
ganese as iron, while bluegrass contained more than four times as much 
iron as manganese. Orchard grass contained more than twice as much 
manganese as iron. 

White and yellow field corn contained the smallest amounts of iron 
and manganese of any seed examined. Since most of the iron and man¬ 
ganese contained in corn is found in the germ and bran and since the 
food products of com as they are prepared to-day exclude these parts 
of the grain, it is evident that such food products would be practically 
a negligible source of manganese. 

Hemp seed contained relatively large and nearly equal amounts of 
iron and manganese. The largest amounts of iron were found in Alsike 
clover, bluegrass, Japan clover, hemp, and redtop, respectively, while 
the largest amounts of manganese were found in redtop, Japan clover, 
orchard grass, hemp, and bluegrass, respectively. Japan clover seed 
retains the calyx and pod, which may account for its high manganese 
content. 

It is to be noted that the manganese content is much less than the 
iron content in legumes, whereas in cereals the iron and manganese 
contents are more nearly equal. 

Seeds containing the most iron did not contain the largest amounts 
of manganese. In the grasses there appears to be considerable fluctua¬ 
tion in the iron and manganese content in one variety as compared with 
another. Thus manganese is in excess in redtop while iron predominates 
in bluegrass. 

CONCLUSIONS 

The average manganese content of the seeds of wheat and oats pro¬ 
duced under natural conditions in the soil is equal to the average amount 
of iron found.. 

The amount of manganese in the seeds of legumes is much less than 
the iron content. 

The amount of iron and manganese found in grasses showed consider¬ 
able fluctuations with varieties, but the average results are nearly equal. 




STUDIES UPON THE UIFE CYCLES OF THE BACTERIA 
PART II: LIFE HISTORY OF A2DTOBACTER 1 


By F. L6 hnis, Soil Bacteriologist, and N. R. Smith, Assistant Bacteriologist, Bureau 
of Plant Industry, United States Department of Agriculture 3 

INTRODUCTION 

In a preliminary communication, published in this Journal in 1916 {28) ? 
it was pointed out (1) that the life history of Azotobacter is much more 
complicated than was generally assumed and (2) that the same holds 
true with regard to all other bacteria. The correctness of this general 
statement was further demonstrated *by the senior author in a critical 
review of the bacteriological literature, published as Part I of these 
Studies (25). It was shown therein that all findings briefly recorded 
in our preliminary communication are in complete agreement with 
numerous analogous observations made between 1838 and 1918. That 
these older findings had failed to lead to a more accurate knowledge of 
bacterial pleobiosis was caused by their being widely scattered in a 
gigantic literature and by their being not in accordance with time- 
honored, though incorrect, theories concerning bacterial monomorphism 
and constancy. 

Since Part I was written, several contributions have been published 
which further support our standpoint. Bergstrand (4, 5) studied the 
wide pleomorphism of a yellow diphtheroid and advocated that all 
bacteria, on account of their budding, branching, etc. should be classed 
among the Fungi Imperfect!. Brown and Orcutt (7) recorded bacillary, 
fusiform, filamentous branching, diphtheroid, and streptococcoid growth 
of Bacterium pyogenes . Thompson (42) noticed that B. pro feus, when 
grown in symbiosis with B. tuberculosis , with other mycobacteria or 
actinomycetes, changed to a diphtheroid, anaerobic organism In 62 per 
cent of all cases. A fuso-spirillary organism was seen by Mellon (31) 
to grow (1) as a yellow actinomyces-like organism, (2) as a diphtheroid, 
making small semitransparent colonies, (3) as a white, aerobic, gelatine 
liquefying coccus, (4) as a typical anaerobic Fusiformis, and (5) as an 
anaerobic spirillum-like organism; filterable gonidia, “giant cocci” 
(evidently gonidangia) and phases of the symplastic stage were also 
recorded. By the same author (32, 33) the “giant cocci” of Coryne - 
bacterium Hodghinii were isolated and stabilized, and their “ schizogony, ” 
dividing, budding and germination were carefully studied. Wade and 
Manalang (44) made an interesting report upon the various growth 
forms of Bacterium influenzae, wherein they state: 

The familiar bacillus is but a simple form of an organism capable of complex develop¬ 
ment. 


1 Accepted for publication Sept. 26,1931. 

4 We are indebted to Mr. P. Goll, of the Bureau of Plant Industry, for making the photomicrographs 
reproduced on the plates attached to this paper. 

9 Reference is made by number (italic) to " Literature cited/' p. 430-432. 
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They are inclined to place it therefore among the Actinomycetes, but 
a comparison of their findings with those discussed in Part I of our 
Studies (23) leaves no doubt that Bacterium influenzae , too, follows 
exactly the same general lines which are recognizable in the life history 
of all bacteria. The general occurrence of filterable gonidia is further 
indicated by observations made by Heymans (13) with regard to anthrax 
and tuberculosis. It was found that the bacteria pass the filter in an 
ultratnicroscopic form. Hort ( 14) published additional details concern¬ 
ing the various modes of bacterial reproduction; Howe and Hatch (13) 
confirmed Noguchi's finding that B . bifidus can grow as an aerobic, 
sporulating bacillus; and Orla-Jensen (38) pointed out that certain 
aerobic plectridia can be easily transformed so that they are no more 
distinguishable from the typical Proteus bacteria. Studies upon the 
conjunction of bacterial cells were made by Potthoff (59) with Chroma- 
tirnn and sulfur spirilla, and by Enderlein (8) with Vibrio ckolerae. The 
results obtained are in good agreement with earlier findings (25, p. i$3> 

202 ) , The same holds true in regard to more recent observations made 
by Lutz (30a) upon the different types of globoid bodies produced by 
B. anthracic. Almquist (2a) and Mellon (33a) have again emphasized 
that a thorough knowledge of the various developmental phases in the 
life histories of pathogenic bacteria is essential for gaining a correct view 
of epidemiological problems. 

Our observation upon the life cycle of Azotobacter, as recorded in 
our preliminary paper (28) , were partially confirmed and partially con¬ 
tested by D. H. Jones (16). Confirmed were the data on pleomorphism 
and symplastic stage, contested those on conjunction and on the ability 
of Azotobacter to assume endospore formation. The discussion of these 
differences of opinion will be taken up at the end of this report after our 
\ experimental results, obtained since 1916, have been presented. 

METHODS OP INVESTIGATION 

To obtain complete and accurate information upon the life cycles of 
the bacteria is no more difficult but much more time-consuming than to 
make an ordinary bacteriological diagnosis. Single-cell cultures and 
continuous microscopic observation of the living organisms are by no 
means so absolutely indispensable as is sometimes asserted (25, p. 39, 

203) . The generally used methods of isolating, cultivating, and studying 
the bacteria are, as a rule, quite sufficient to collect complete information, 
provided they are applied judiciously and the investigator himself is not 
too preoccupied by the wide-spread prejudices concerning “ normal w and 
“abnormal'' growth, “involution forms,” and “contamination”. 

A sufficient number of parallel tests, the frequently repeated microscopic 
control of the cultures held for. a sufficient length of time (not less than 
a month, preferably longer), and the regular repetition of all experiments 
are three points of major importance. Accordingly, apparent changes 
r of growth can be correctly accepted as such, only if they have been as- 
• certained repeatedly in parallel tests and if they have been closely followed 
■' under the microscope. Furthermore, an apparently new type of growth 
must always be tested in regard to its inclination to return to its origin, 
or ( to pass over into another well-known developmental stage of that 
particular organism. Sometimes the patience and persistence of the 
investigate is taxed very much by such experiments; it may take years 
before positive results are secured .• A few examples in this respect were 
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mentioned in Part I (25, p. 29, 34) and others will be discussed on the 
following pages. On the other hand, the instability of a new form may 
prove vexatious. Even if a new type of growth is represented by a 
sufficient number of cells in a culture, and its separation by plating, there¬ 
fore appears to be promising, nevertheless a complete failure may result, 
due either to an immediate return to the original type of growth or to 
the disinclination of the new form to grow in pure culture on the substrate : 
used. Occasionally the stabilization of the new form proceeds very 
slowly and gradually; its colonies may appear very late on the plates, 
or they may at first simulate those of the mother form so closely that only 
microscopically can a differentiation be made. However, these particular 
difficulties are rather an exception to the rule; usually the new type of 
growth will be isolated if it is represented in the original culture by a 
sufficient number of cells. To reduce the chances for contamination as 
far as possible we prefer for plating flat bottles with a neck not much 
wider than a test tube. The dilutions are made directly in the bottles 
wherein the substrate was previously sterilized. 

Besides beef agar, beef gelatine, beef broth, milk, and potato the sub¬ 
strates most frequently used in our Azotobacter experiments were man¬ 
nite-nitrate solution and mannite-nitrate agar. The composition of 
these media was given in our preliminary communication (28, p. 686). 
Our recipe was changed by E. R. Allen (2) with very unsatisfactory 
results; it is, however, only his substrate, not, as he asserts, the ‘‘medium 
of Lohnis and Smith” which proved to be unsuitable for Azotobacter 
growth. We studied for example, the alternation between the varied 
cell life and the symplastic stage of this organism in the original cultures, 
made in mannite-nitrate solution, for more than a year and then kept 
these cultures four years longer (most of the time sealed); transferred to 
new solution at the end of the whole period, 60 per cent of the cultures 
gave new vigorous growth. The hydrogen-ion concentration of these 
substrates was usually kept approximately at Ph 6.8; occasionally it : 
was increased to 6.0 or lowered to 7.5-8.0. Potato agar (15 gm. agar 
and 10 gm. peptone added to 1,000 cc. filtered potato water, prepared 
by boiling 200 gm. potato in 1,200 cc. water, to which an excess of CaC 0 3 
was added) was also found to be very useful, as was the case, although 
less frequently, with soda agar (beef agar -with 34 per cent N&jCCXj), ; 
phosphate agar (beef agar with yi per cent Ca(H 2 P 0 4 ) 3 ), salt agar 
(beef agar with 2 to 8 per cent NaCl), and water to which 5 cc. beef 
broth per 1,000 cc. were added. Most instructive results, however, 
were secured from cultures kept in sterilized soil (about 5 gm. in test 
tubes heated in the autoclave for hour at 20 pounds pressure) mois¬ 
tened with 0.5 per cent mannite solution. Within a few weeks all 
developmental stages were passed in this substrate with greatest regu-, 
larity. 

Some experiments upon the effect of symbiosis of Azotobacter and 
Radiobacter were also included. It was pointed out in an earlier paper 
(26) that especially the regeneration of large spore-free Azotobacter cells 
from the sporulating growth is favored by the presence of Radiobacter. 

The following cultures of Azotobacter were used in our experiments: 

A . chroococcwm Beij. (Laboratory Numbers 1* 2, 10, 11, 12, 14, 17 to: 

25)- 

A. Beijerinckii J. G. Lipman (Laboratory Numbers 3 to 6,13, and 15). 

A. agile Beij., syn. A. Vinelandii J.^G, Lipman (Laboratory Numbers 
7 to 7c, 16 to 16c). ° 
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A. vifreum Lohnis (Laboratory Number 9). 

A . sp. (Laboratory Numbers 26 and 27). 

Cultures No. 1 to 11 are identical with those studied in 1914 (26) with 
the exception of No. 7b and 7c, two strains of Azotobacter agile recently 
received from Krai’s Museum in Vienna (A. Vinelandii Lipmaxx-Ambroz 
and A . agilis Dahlem). No. 12 and 13 are old stock cultures of the 
Laboratory of Soil Bacteriology. No. 14 to r6 and 16c were received from 
Dr. J. G. Lipman, New Brunswick, N. J>.; No. 16b, 17, and 20 are sub- 
cultures of No. 112, 141, and 522 of the New York Museum of Natural 
History. No. 18 and 19 were received from Prof. D. H. Jones, Guelph, 
Ontario, in 1912 (his strains 1 and 3). No. 22 to 25 are new isolations 
obtained in the spring of 1916 from soil samples received from Dr. C. B. 
Lipman, Berkeley, Calif. No. 26 and 27 were sent to us by Dr. M. Mul- 
vania, Knoxville, Tenn. 

Fifteen of these strains (No. 7, 9, 10 to 14, r6, 16c, 18, 21 to 25) grew 
as typical large nonsporulating cells, when the investigations were started; 
4 cultures showed only large sporulating cells (No. 2, 3, 4, and 7b), 2 
small sporulating rods (No. 5 and 6), and 3 irregular fungoid cells (No. 15, 
17, and 19); 4 were made up of small nonsporulating rods (No. 7c, 16b, 
26, and 27), 1 of coccoids (No. 20), and 1 of dwarfed cells (No. 1). Al¬ 
though it was known in only some of the cases where atypical growth 
occurred that this was not due to contamination, we decided to include 
all atypical strains in our studies and to base our ultimate decision upon 
the outcome of these experiments. 

Each of the 30 Azotobacter strains was tested in about 100 to 200 and 
sometimes more transfers. Each transfer was subjected to 4 to 6, but 
occasionally to many more microscopic tests. The results presented in 
this paper are therefore based on over 20,000 observations. Numerous 
additional tests were made with cultures of several other “species,” 
which proved to be identical with the newly evolved growth types of 
Azotobacter—namely Bacillus petasites A.M. et Gottheil, Bacillus mala - 
barensis Lohnis et Filial, Bacillus danicus Lohnis et Westermann, Bacillus 
pumilus A.M. et Gottheil, Bacillus Freudenreichii (Miquel) Mig., Bacillus 
fusifmmu A.M. et Gottheil, and Bacterium laciis viscosum (Adametz) 
Lehm. et Neum. Some of these cultures were kept in the senior 
author’s collection; others were obtained from New York or from Vienna. 

LIFE CYCLE OF AZOTOBACTER 

In Figure 1 of our preliminary paper (28) we gave a schematic sketch 
of the various cell types and modes of reproduction of Azotobacter. Four 
types or subcycles of growth were considered to be most characteristic. 
The more thorough study of the problem, however, led to the discovery 
that from every Azotobacter culture not less than seven different growth 
types can be developed and stabilized; all of them are interchangeable. 
The ceils characterizing these seven types of growth are the following 
(the letters in parentheses referring to’'the designations used in our pre¬ 
liminary paper); 

Large non-sporalating cells (types A, B, Lee, Ka , and J). 

Coecoid forms (type I). 

Dwarfed cell type (types E«, Eg, and Ke). 

Fungoid cell type (types G and Ky). 

Small non-sponffating rods (type P<*). 

Small sporulating rods (type Pg). 

Large sporulating cells (types L, M, and KA). 
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Inspection of figure 1 of the preliminary paper (28) will show that the 
increase in the number of growth types from four to seven is due to the 
fact that types I and G (with K7) could also be stablized, and that the 
three types E, Fa, and F$ could be grown separately. 

In accordance with the arrangement made in Part I of these Studies 
(25) the different cell types, the various modes of reproduction, the sym- 
plastic stage, and the conjunction of vegetative and reproductive cells will 
be discussed consecutively. The cultural characteristics of the different 
developmental stages, however, will be given separately in a special 
chapter. The morphological features of vegetative and reproductive cells 
were found to be fundamentally the same with all our Azotobacter strains, 
while the cultural peculiarities allow a clear separation of the four species 
(or varieties) Azotobacter chroococcum, A. Beijerinckii , A . agile , and A. 
vitreum. Accordingly, the morphological facts observed with the different 
strains will be considered jointly, while the cultural characteristics of the 
four groups will be discussed separately. 

I.—DIFFERENT CEDE FORMS OF AZOTOBACTER 

The wide pleomorphism of Azotobacter was discussed to some extent 
in earlier publications (3, 9, 26 , 30, and 40). But how really bewildering 
the multitude of cell types is which this organism is able to produce in the 
course of its life cycle maybe gathered from the photographs reproduced 
on the plates attached to this paper. Even they, of course, do not ex¬ 
hibit all forms which were observed in the course of our studies. But 
combined with the data presented in our preliminary report (28) and in 
Part I (25) they will suffice to indicate that an approximately complete 
picture of the form cycle of a bacterium is very different from the cus¬ 
tomary meager description of a so-called bacterial species. 

,The relatively large globules, ovals, or rodlike cells, measuring about 
2 to 4 by 3 to 5 to jfi, motile either (ovals) by polar or (rods) by peri- 
trichous flagella, mostly Gram-negative, are in most cases very unstable. 
Figures 1, 2, 4, and 6 to 8 of Plate 1 demonstrate how even in young 
cultures (2 to 7 days old) the typical large cells are inclined to change to 
small globular forms (coccoids) or to more slender pointed rods, character¬ 
istic of the sporulating type of growth. In older cultures large and small 
rods, irregular fungoid, as well as very small dwarfed cells are always 
present, as is shown in figures 3, 5, 9, 11, and 12 from growths 3 weeks ' 
to 11 months old. All these forms are viable, and therefore not to be 
classed as involution forms. Figures 1 to 5, 9, and 11 make it fairly 
clear that the decrease in cell size is largely due to a loss of voluminous 
slimy cell elements and to the liberation and multiplication of nuclear 
material, which according to the quality of accessory substances presents j 
itself as either well or weakly stainable, or as entirely unstainable when - 1 
treated with aqueous dyes. Potato agar favored especially the ap¬ 
pearance of globular cells; slightly acid mannite-nitrate agar (P H 6.0) 
strengthened the tendency to produce small rods and coccoids. Only 
two of our cultures (No. 13 and 18) grew permanently on all substrates 
in the large typical form, but also in these cases the microscope always 
revealed the presence of the other cell types in small number. 

The varying appearance and behavior of the coccoid cells of medium 
and of small size is illustrated on Plate 2. Figures 13 to 15 demonstrate 
their budding out of the larger cells; figure 16 shows multiplication by 
budding and by fission; figures 17, 18, nnd 21 represent the fairly uniform 



406 


Journal o) Agricultural Research voi. xxjii, no. & 


growth of the coccoids, which were always found immotile and Gram- 
positive. Figures 19 and 20 illustrate the upgrowth to larger globular 
cells, and figures 22 to 24 the streching to small and large non-sporulating 
and spotulating rods. The coccoids shown in figures 17 and 18 look very 
much like typical micrococci, and they may, in fact, assume a great 
stability of growth. But sootier or later they, too, will either return 
to the large cell form or elongate to regular or irregular rod forms. One 
of our strains (coccoids of Azotobacter agile , No. 7) remained fairly stable 
as a pink “micrococcus,” for not less than five years in 71 transfers, 
and then it returned to the large original growth type only if kept either 
in milk or in mannite-nitrate solution for one to two months. Milk 
; and potato agar were usually most favorable for a return to the large 
j cell type, while beef agar, beef broth, and mannite-nitrate solution in- 
J duced the develpment of rodlike and fungoid forms. 

The dwarfed cell type, first discovered in an old culture of Azotobacter 
chroococcum (26 ), can be evolved from Azotobacter cultures as easily as 
| or even more easily than the occcoid growth. It is either immotile and 
Gram-negative or (the smallest units) motile and Gram-positive. The 
liberation of these smallest specks of mostly nuclear material from the 
larger cells (by budding or by so-called granular decomposition) can be 
seen in every culture (fig. 3 and 5 of PL 1). But separate development 
is usually slow and inconspicuous, and the isolation of this type of growth, 
therefore, not always easy. Pure cultures once established, however, are 
much inclined to reproduce larger cells, especially rods and fungoid growth. 
Figures 25 to 36 on Plate 3 show the typical growth and the alterations 
most frequently observed. A close study of the minute forms character¬ 
istic of this stage (fig. 25 and 26) reveals the tendency to present a 
I more or less irregular, often wedge-shaped appearance. This tendency 
becomes more noticeable when the upgrowth takes place either by a 
uniting of the small granular bodies in slimy threads (fig, 28 and 29) or 
, by their stretching to small rodlike cells (fig. 30 and 31). On the other 
| hand, very regular, weakly staining small ovals may appear, or the small 
irregular cells may assume globular shape (fig. 27), simulating in this 
: case small micrococci. The latter process is always ascertainable in 
: cultures several weeks old, whose miscroscopic appearance is very similar 
. to that shown in figure 18 on Plate 2. Large rod-shaped, threadlike, 
or large globular cells are comparatively rare in cultures of this type; 

4 if they appear they are probably always produced by the symplasm 
(fig. 32 to 36). The simultaneous reproduction of small cells, of long 
1 slimy threads, which are occasionally branched, and of large ovals and 
; globules deserve special attention (fig. 33 and 36; both pictures made from 
the same slide). The gradual upgrowth of rods from small to large size 
(shown in fig. 34) is equally of great interest. The pale, small ovals, 

■' mentioned above, seem to be able to assume directly the qualities of 
an endospore, able to reproduce a fairly large sporulating rod. This 
transformatioii was 'repeatedly observed with our cultures No. 1 and 2, 

The fungoid cel! type Is represented by figures 37 to 48 on Plate 4. 
Figures' 37 to 39 illustrate that this irregular cell type may in fact assume 
distinctly fungoid appearance; figure 11 on PL 1 deserves also renewed 
inspection. Figures 37 and 38 picture the cells most frequent and 
most typical; they are made up pi unstainable slime and darkly staining 
granules of nuclear material. Temporarily this slime is soluble in boil¬ 
ing water, and therefore the fungoid type of growth was not recognized 
as such in our preliminary report (28). But from the unstainable 
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.granulated slime threads of the dwarfed cell type shown in figures 28 and 
29 on Plate 3, the development proceeds over the steps illustrated by 
figures 37 to 39 on Plate 4 further to a very stable type of irregular, 
fungoid growth, which ultimately acquires all the qualities character¬ 
istic of a Mycobacterium. Wedge-shaped cells, budding and branching, i 
club formation, etc. are all noticeable, and the same holds true concern-1 
ing the cultural features of this “genus r \ The clubs again are no “in¬ 
volution forms/’ but steps in the development of rods with terminal 
spores (fig. 45). Dwarfed cells, coccoid forms, rods of various size, as 
well as large non-sporulating globules and ovals were all evolved from this 
type of growth, as illustrated by figures 40 to 48 (PL 4). Cultivation 
on potato was found useful for stimulating the tendency to produce 
clubs and rudimentary endospores. Potato agar favored again the 
development of coccoid forms. In water, broth, and milk branching 
was very pronounced, but continued cultivation in milk established a 
growth of regular spore-free, slime-producing rods. Alkaline mannite- 
nitrate solution and agar (P H 7.5) proved helpful for reestablishing the 
typical Azotobacter growth. It is especially noteworthy that this was 
secured on these substrates with one of our cultures of Azotobacter 
Beijerinckii (No. 15) which had grown for six years in 145 transfers 
on practically every substrate as a highly pleomorphous mycobacterium. 
It had been plated repeatedly, strains representing the dwarfed growth, 
coccoid growth, sporulating and non-sporulating rods had been branched 
off, until ultimately after a passage on potato agar (fig. 44) the restora¬ 
tion of the original Azotobacter type was effected (fig. 47). 

The typical form of the small spore-free rods of Azotobacter chroococcum 
and A. Beijerinckii is shown in figures 49 and 50 on Plate 5, while those 
of A. agile and A. vitreum are usually of more slender shape, similar to 
that type of growth of A. chroococcum visible in figure 51; fairly typical 
rods of A. agile are also to be found in the left upper comer of figure 60 
on Plate 5. All these rods are Gram-negative, those of A . chroococcum 
and A. Beijerinckii immotile, those of A. agile and A. vitreum motile by 
usually three polar flagella. It should be noted that to start the , 
cultures reproduced in figures 49 and 50 the same inoculation material 
was used; the difference in the substrates was the only cause of the very 
marked difference in appearance. A comparison of figure 49 with figure 
9 and figure 24 will demonstrate the gradual changes from the large to 
the small non-sporulating cells, while the small coccobacilli in figure 50 
should be compared on the one side with the dwarfed growth shown in 
figures 25 and 26 on Plate 3 and on the other hand 'with the short rod 
forms which always accompany the mycobacterium type, as demonstrated 
in figures 40 to 45 on Plate 4. The larger rod form producing a short 
branch, which is visible in the lower right corner of figure 50, is also of 
interest in this connection. A direct transformation from the original 
cultures of A . chroococcum and A. Beijerinckii to small non-sporulating 
rods was recorded only three times, while they were more frequently 1 
derived from the fungoid growth (nine cases observed). A . agile and 
A. vitreum behaved differently; several changes from the large cells to 
small rods, but no direct transformation from the fungoid growth could 
be ascertained. Figures 51 to 53 on Plate 5 demonstrate the trans 
formation from the short non-sporulating rods to coccoid and fun_ 
gold growths, the latter identical with that of figures 43 and 45 on 
Plate 4. That sporulating bacilli which have lost their ability to 
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produce regular endospores may display a very similar morphology may 
be derived from a comparative examination of figure 54 with figures 51 
and 53. Bacillus pumilus , shown in figure 54, is identical with the sporu- 
lating rod form of A. chroococcum , as will be discussed presently. The 
return from the small rods to large globular cells is illustrated by figures 
55 to 57; figure 58 pictures the transformation into the typical fungoid 
growth, similar to that of figures 37 and 38 on Plate 4, and in figures 59 
and 60 the simultaneous upgrowth of small and large rods from the 
sympiasm is demonstrated, figure 59 making a counterpart to figures 34 
and 35 on Plate 3. 

The small sporulating rods are of special interest because, when the 
endosporulation first becomes noticeable in an Azotobacter culture, 
nearly always these small rods, not the large sporulating cells, are the 
first ones to appear. Referring to what was said in Part I (25, p. 137, 139) 
about the transformation of terminal regenerative bodies into polar 
exospores and endospores, it is evident that this observation is in full 
agreement with all earlier findings. On the other hand, it must be 
pointed out that these rather fragile, Gram-negative, slender rods with 
large polar spores are by no means a frequent occurrence in our labora¬ 
tories. To discard them lightly as * 'contaminations” would be entirely 
unjustified. Identical strains were isolated from various Azotobacter 
cultures in Leipzig, Washington, D. C., Urbana, Ill.; and a culture 
recently received from Vienna gave again the same small sporulating 
rod. But never in our experience, and especially not in any one of 
approximately 5,000 transfers made in the course of these experiments, 
were such sporulating small rods found as contaminations. On account 
of their weak growth we even lost two of them by replating; but in view 
of this experience it is especially interesting that in old Azotobacter 
cultures kept undisturbed for years on mannite-nitrate agar or in man- 
nite-nitrate solution just these small sporulating rods were the only 
survivors. Figure 62 on Plate 6 shows such a strain, which should be 
compared with the typical picture reproduced as figure 61. Figures 
63, 71, and 72, on the other hand, illustrate the tendency to pass over 
into large sporulating rods. That transformations from small to large 
sporulating cells were seen occasionally in our preliminary experiments 
was mentioned before (28 } p. 681). But as the first appearance of these 
small sporulating rods caused considerable surprise in 1912 (26) s so it 
was again the case when one of these cultures (No. 6), after having dis¬ 
played a very constant behavior, ultimately in the spring of 1921, when 
cultivated on alkaline mannite-nitrate agar, reverted to the large-cel! 
type and assumed gradually all the characters of the original strain 
(No. 3), from which it had been branched off nine years before. A 
tendency to change to the fungoid growth is noticeable with some of the 
cels in figures 64. Figures 65 to 70 illustrate certain reproductive 
, phases to be discussed on the following pages. 

The large sporulating cells are shown in figures 73, 74, 76, and 77 on 
Plate 7 in what may be accepted as their typical appearance. They are 
motile by peritrichous flagella and are Gram-positive. The tendency of' 
the threads, very common in the cultures of this type, to make short, 
oval. Gram-negative cells is very pronounced. Figure 78 illustrates the 
analogous behavior of a thread in a spore-free Azotobacter culture.: In 
figure 75 many branched rods and threads are visible, represen tin g the 
fungoid, type,of 1 the large rod form, which, however, could not be sta¬ 
bilized* although with Bacillus anihracis , B. subtilis , and B. mycoides 
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positive results had been obtained (25, p. 62-64). Figure 80 deserves 
special attention because it illustrates a mode of fission which has been 
observed by very few authors and which thus far has never been photo¬ 
graphed. Large round bodies appear, which later split on their diameter, 
beginning in the center, into two large, comma-shaped bacilli so char¬ 
acteristic of B. Megalerium and related “species.” As was said in Part 
I (25, p. 125, 126 ), Schroen has described this occurrence more than 30 
years ago, and at the same time E. Klein and Dowdeswell made analogous 
observations with Vibrio cholerae. The small non-sporulating rod forms 
of Azotobacter seem to act occasionally in a similar manner. In figure 
55 on Plate 5 an intact globule is visible and also several pairs of slightly 
curved, plump rods, of which especially those located near the upper 
edge of the photograph are very suggestive. Figure 84 on Plate 7 illus¬ 
trates the return to the normal large spore-free cells (after passage of the 
symplastic stage). In potato cultures this reversion occurred most fre¬ 
quently. The cells shown in figure 79 and 81 to 83 are related to repro¬ 
ductive processes; they represent various types of gonidangia and 
sporangia. 

2 .—-DIFFERENT modes of reproduction 

All types of bacterial reproductive organs have been found with Azoto¬ 
bacter—namely, gonidia and gonidangia, regenerative bodies (zygo¬ 
spores, etc.), arthrospores, microcysts, endospores, and exospores. It 
was pointed out in Part I (25, p. 119-143) that all these organs of repro¬ 
duction are fundamentally not so different as might be assumed. As 
the pleomorphism of the vegetative bacterial cells finds its explanation 
in the varying participation of nuclear material and of other cell elements 
in cell construction, so also in the various modes of reproduction nuclear 
substances always play the dominant r 61 e, supported to a smaller or 
larger extent by reserve material, cell membrane, etc. When the nuclear 
material is accompanied by very little other cell elements, gonidia are 
produced. More reserve material and a more or less durable membrane 
characterize the regenerative bodies and arthrospores. When the whole 
cell assumes a globular or oval shape and thickens its membrane a micro¬ 
cyst results, while the contraction of most of the cell content and the 
formation of an exceptionally tough membrane leads to the formation of 
an endospore, or of an exospore if the growing spore buds out of the 
mother cell. Gonidia and regenerative bodies may multiply as such, 
producing the dwarfed and the coccoid growths discussed above; arthro¬ 
spores and microcysts, endospores and exospores are true resting forms, 
although a secondary transformation to regenerative bodies or to gonidia 
was also observed repeatedly with these types of reproductive organs. 
While bacteria of the usual small dimensions as a rule form only one to 
two to four gonidia in each cell, the larger cells, for which the term goni¬ 
dangia was introduced in Part I (55, p. 121) may contain a much larger 
number or in their place two to three or more endospores; in the latter 
case the gonidangium becomes a true 4 * sporangium 

Figures 85 to 87 on Plate 8 demonstrate formation and liberation of 
the gonidia by normal large globular Azotobacter cells, while figure 
77 Plate 7 illustrates the analogous process with the large threads 
of the large sporulating type. A comparison of figures 86 and 87 shows 
how either (in the latter case) the nuclear material practically alone 
may persist and give rise to the dwarfed growth discussed above, or 
(in the former case) how other cell elements may participate in the 
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regeneration of larger, in this case of coccoid cells. (See also figure 5 on 
Plate A of our preliminary paper, {28) where both processes became 
visible simultaneously, and figures 3 and 4 on Plate 1 of the present paper.) 
In figure 77 on Plate 7 the two granulated threads in the lower left part 
of the field deserve special attention, because the regular arrangement 
of the unstained gonidia contained therein is very characteristic of 
Azotobacter, as is the stainability of the same bodies as soon as they 
have left their mother cell. (See especially the dark bodies budding from 
several threads in figure 77 and analogous occurrences photographed 
in figure 60 on Plate 5.) Other types of budding, as well as the transforma¬ 
tion of regenerative bodies into larger cells, are pictured in figures 
13 to 16, 22 to 24 on Plate 2. Figure 65 on Plate 6 demonstrates the 
formation of gonidia in the small sporulating cells, and also their develop¬ 
ment to regenerative bodies and to endospores. 

Typical gonidangia of Azotobacter may be seen in figures 5 and 11 
of Plate 1 and in figures 88 to 92 on Plate 8, those of the sporulating cell 
type in figures 79, 81, and 82 on Plate 7; in the latter case the swollen 
ovals are replacing the sporulating cells, while in the two former instances 
the globular, branched, or spindle-shaped cells .are acting as true sporan¬ 
gia. If small cells swell up to gonidangia they look much like regular 
Azotobacter cells (fig. 20 on PL 2 and 57, on PL 5), and as the latter 
are always able to produce numerous gonidia, it seems as if the true 
physiological reason for the occurrence of this developmental stage 
lies in the ability of these cells to act as gonidangia. The peculiarity 
of all bacterial gonidangia to assume either globular, oval, club-shaped, 
or thread-like forms is also characteristic of the large spore-free cells 
of Azotobacter. That they frequently multiply as such without acting 
as reproductive organs places them parallel to the dwarfed growth (of 
the gonidia) and to the coccoid growth (of the regenerative bodies). 
Instead of gonidia or endospores new cells of normal size may be directly 
formed within these large receptacles. Figures 6 on Plate A and 21 
on Plate D of our preliminary paper (28) illustrated such cases; similar 
preparates are shown in figures 90 to 92 and 94 on Plate 8 of the present 
paper. 

The fungoid type of growth was shawm to be the result of a consolida¬ 
tion of slime threads containing numerous gonidial bodies. Accordingly 
it is easy to understand why in this case the formation.of arthrosnores 
is very common. The gonidia simply increase somewhat in size at the 
cost of the cell and surround themselves separately with cell walls. 
Occasionally, but much more rarely, normal rods or threads act in an 
analogous manner. Figures 51, 54, and 55 on Plate 5, and figure 66 
on Plated illustrate the arthrospore formation of the small non-sporulat- 
ing and sporulating growth types. An upgrowth of other globular cells 
from the encapsulated symplasm also visible in figure 66 will be discussed 
later. The fragmentation of the large threads shown in figure 78 on 
Plate 7 could also be accepted as another instance of arthrospore forma¬ 
tion, but "as the. globular cells produced in this case are able to multiply 
as such, this occurrence is to be considered more similar to that pictured 
in figure 21 on Plate D of our preliminary paper (28) and mentioned 

above* 

tmmml swellings—that is, regenerative bodies in a polar position, 
feat still inclosed in the mother cell—are the first step toward the forma¬ 
tion of endospores, as was fully dismissed in Part I (25) and frequently con- 
firsaed in the course of these investigations. Figures 45 and 46 on Plate 4, 
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52 to 54 on Plate 5, as well as figure 83 on Plate 7, represent the charac- 
acteristic picture of cultures inclined to begin or to resume endosporulation. 
Heating of such strains first to 70° C., later to 75°-90° C., provided that the 
tendency to produce such terminal bodies could be stabilized, leads even¬ 
tually to the production of typical polar endospores or exospores. Nega¬ 
tive results are frequent in such experiments, but they do not disprove 
the less numerous positive ones. As was pointed out before, these newly 
evolved small sporulating strains often grow very slowly and weakly, a 
fact which also deserves full attention. When completely developed, the 
endospores of the small-cell type withstood 95 0 C. for4 to 5 minutes, 98° C. 
for 1 minute, and those of the large rods 98° C. for 2 to 4 minutes; the 
germination was mostly polar in both cases. Budding exospores were 
most clearly visible with the large sporulating rods, as was illustrated by 
figure 20 on Plate D of our preliminary paper (28 ). The spores do not 
always germinate directly; sometimes they first swell up to fairly large 
weakly staining ovals which are indistinguishable from microcysts. On 
the other hand it is no rare occurrence, especially when the small sporu¬ 
lating rods are cultivated in broth or milk, that the normally produced 
spores do not germinate but reproduce, either by budding or by dividing, 
2 to 4 gonidia or regenerative bodies, which again may multiply as such 
(fig. 70 on PL 6). As was pointed out in Part I (23, p. 141 ), similar observa- 
ions were made before; they demonstrate anew that the formation of 
gonidia is in fact the fundamental mode of bacterial reproduction. 

The transformation of vegetative cells to microcysts is most conspicu¬ 
ous with the large-cell types. The large sporulating rods produce weakly 
staining ovals (sometimes discarded as “shadows”) which germinate 
readily to darkly staining, short, broad, mostly pointed rods (fig. 74 on 
PL 7). With the large spore-free cell type the microcysts are equally 
common; here they are the well-known thick-walled cells of globular, 
oval, or pointed shape, frequently united to two or four, whose germina¬ 
tion was carefully studied by Prazmowski (40) and others. That the 
germ maybe of coccoid or of threadlike shape is illustrated by figures 93 
and 94 on Plate 8. With the small-cell types microcysts are less con¬ 
spicuous. The coccoids are either thin-walled or thick-walled; in the 
latter case they may act as microcysts. With the dwarfed growth small 
pale ovals are not infrequent, perhaps a counterpart to those of the large 
sporulating cells. The large microcysts of the spore-free as well as of the 
sporulating cell type were found to be able to become gonidangia, as was 
to be expected. 

3,—Formation of the sympdasm and the regeneration of cedes 

In figures 7 to 18 on Plates B and C of our preliminary paper (28) the 
gradual dissolution of Azotobacter cells and the regeneration of various 
types of cells was first Illustrated. Other pictures were published In 
Part I of these Studies (25, Pis. XVIII to XXI), here together with 
analogous findings of other authors. On Plate 9 of the present paper 
some additional photographs are reproduced, all pertaining to the sym- 
plastic stage of Azotobacter. Figures 21 (PL 2), 33 to 36 (PL 3), 38, 47, 
and 48 (PL 4), 56, 59, and 60 (PL 5), 66, 71, and 72 (PL 6), and 84 (PL 7) 
are also of interest in this connection. 

All growth types of Azotobacter, vegetative as well as reproductive 
cells, were seen to enter the svmplastie stage regularly. If vigorously 
growing vegetative cells were transferred, practically without exception 
25622—23 - 2 
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and on all substrates used the dissolution took place after 10 to 20 days, 
and about a week later the regeneration became general. If old material 
is transferred, typical symplasm or regeneration of cells may be seen, of 
course, from the start. If the transfers are repeated at short intervals 
the characteristic change between cellular and amorphous stage may 
occur much more frequently. For instance, transfers were made from a 
young culture of normal spore-free Azotobacter cells on mannite-nitrate 
agar and repeated each morning and each evening for several weeks. 
For a few days normal development took place, the next 6 to 8 transfers 
gave only very little dewlike transparent slimy growth made up of typical 
symplasm, later normal development became again visible, and so on in 
regular alternation. The tubes which first showed only symplasm gave 
normal growth after 2 to 3 days’ delay, while with transfers made from 
vegetative cells no lag was noticeable (25, p . 189), Occasionally sym¬ 
plasm was also found in young colonies. On the other hand, cultures 
kept without change in mannite-nitrate solution for several years ex¬ 
hibited the regular alternation between symplastic and cellular stage 
quite clearly as long as the microscopic tests were continued. 

As was described in our preliminary paper (28) } the newly formed 
symplasm may be either homogeneous .and not stainable with aqueous 
dyes or of a more or less hairy structure and easily stainable. These 
differences may persist until the new cells are formed, or changes from, 
one to the other type may occur. Amoeboid motility, recorded by sev¬ 
eral authors (25, p. 183 ), was never observed, but strong inner move¬ 
ments in the amorphous dumps could be easily seen in the hanging 
drop. Encapsulated symplasm, as was described by Lankester in 1876 
(25, p : 170), was only found in very few instances (in some, but not in 
all, milk cultures of the small sporulating rods). Figure 66 on Plate 6 
shows three such “macroplasts,” as they were called by the British 
author, intact but of relatively small size (most of them were twice as 
large as those photographed), and one which has liberated its sarcina-like 
mass of small globular cells, which on account of its thickness could not 
be properly focused in the picture. The streptococcus-like chains also 
visible are the next step in the development which led to a uniform 
coccoid growth of typical regenerative bodies. The regenerative units 
which first become visible in the symplasm may either gradually increase 
in size, as illustrated by figures 98 to 100 on Plate 9, or may agglomerate 
to full-sized cells (figs. 56 and 59 on PL 5; fig. 84 on PL 7; figs. 103 and 
106 on PL 9). The regeneration of small sporulating rods is shown in 
figure 102; it should be compared with figure 15 on Plate C of our 
preliminary paper (28).. Figure 104 illustrates the possibility of the 
newly-formed rods growing in a radiate arrangement, while figure 105 
indicates that in other cases the new cells may appear along and parallel 
to the edges of the lobes of the symplasm. If the lobes are torn apart, 
as easily happens in making a preparate of such growth, a picture results 
which very closely resembles Bacillus pediculatus A. Koch et Hosaeus, 
while the appearance of the intact symplasm of this kind is very similar 
to B : mrmiformis Ward and practically identical with Newskia ramosa 
Famintzin (34, pp. 55-55, PL I). There is no doubt that a thorough 
study of this type of bacterial development will release these species and 
the so-called genus Newslda from their isolated position in the system of 
bacteria. The bacteria visible at the edges are not'the cause of the 
slime* as was assumed* but It is 4 tie (slimy) symplasm which produces 
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these cells first at the periphery, later also in the center. The short rods 
visible in figure 105 became long threads, which closely followed the out¬ 
lines of the lobes of the remaining slime, until this was completely con¬ 
verted. Irregular spirochaetoid cells, similar to those of figure 12 on 
Plate 1, are shown evolving from the symplastic stage in figure 107 om 
Plate 9. And in figure 108 queer whiplike and fungoid forms are pre¬ 
sented which are fairly frequent in old potato cultures of the small-cell 
types of Azotobacter as well as of Radiobacter. They often assume-' 
much larger dimensions, in which case no clear photographic picture is ; 
obtainable and are probably identical with what was described by 
Winkler as “filidia” (25, p. 175). As, however, not always filiform but 
often very irregular forms are assumed by such agglomerated symplasm 
(fig. 21 on PL 2), it seems recommendable to adopt the term “sclerotia” 
for these comparatively solid formations. They are no “involution 
forms” but produce either by fragmentation or by a second passage 
through the symplastic stage cells of normal shape. The term “filidia,” 
however, may be properly applied to those more or less solid large 
threads which often appear temporarily in the course of the regeneration 
of new cells from the symplasm. Figures 33 and 36 on Plate 3 illustrate 
this possibility, which was also discussed in Part I (25, p, 792)* 

4.—Conjunction 

■Conjunct cells were regularly observed in young Azotobacter cultures 
of large as well as of small-cell types, usually when 2 to 4 days old. 
In older cultures the prpcess may repeat itself, after new cells have 
emerged from the symplastic stage. It is quite evident that this uniting 
of two or more cells at the time preceding the formation of gonidia, of 
regenerative bodies, or of endospores is not without physiological signifi¬ 
cance. Especially convincing in this respect is the formation of regen¬ 
erative bodies at the point where two cells united; this represents the 
exact counterpart to the formation of zygospores among fungi and 
algae. Figure 30 on Plate 3 and figure 68 on Plate 6 illustrate this 
occurrence very clearly. 

The various modes of cell union described in Part I (25, p. 197-203) 
as characteristic of bacterial conjunction, including that of free endo¬ 
spores, were all observed with Azotobacter. Pictures of lateral con¬ 
nections and bridges, as well as the uniting of large and small cells, 
were demonstrated by figures 1 to 3 (PL A) and 22 and 23 (PL D) of 
our preliminary paper (28). Conjunction by bridges and by beaks are 
also visible in figures 278 to 294 of Part I (25); and figures 95 and 96 
on Plate 8 of the present paper illustrate a mode of cell union which 
again, as the making of bridges and beaks, duplicates in a striking man¬ 
ner certain copulative processes known from yeasts (25, p. 199 ). That 
the development of endospores and of gonidangia is preceded by cell 
conjunction is fairly clearly indicated by the pictures shown in figures 
7 (PL 1), 61 and 69 (PL 6), 81 (PL 7), and 89 (PI. 8). Especially 
spindle-shaped and triangular gonidangia are probably always the result 
of the uniting of two or three cells. They are produced regularly by 
the large sporulating cell type as well as by the fungoid growth of Azo¬ 
tobacter, and they make a very interesting counterpart to analogous 
formations observed with spirilla. (Compare especially figure 22 on 
Plate 1 and figure 81 on Plate 7 of this c paper with figures 86 and 87 on 
Plate VIII, of Part I (25).) Undoubtedly these facts would deserve 
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more detailed investigation; but in view of the experimental diffi¬ 
culties already encountered in such studies with the comparatively large 
yeasts, the outlook is not very promising. 

DIFFERENT TYPES OF GROWTH OF AZOTOBACTER—COMPARISON 
WITH OTHER BACTERIA 

If the seven cell types characteristic of the life cycle of Azotobacter 
are separated and fully stabilized, they naturally exhibit pronounced 
differences in physiological and especially in cultural behavior. But 
our experiments revealed that there may be more than one type of 
growth pertaining to one type of cell form, due to different pigmentation 
of the bacterial growth. The large nonsporulating cells may grow white, 
yellowish, or brown, and the large sporulating cells either white, or 
yellow, or brown; but in these two cases stabilization of the differently 
colored strains remained more or less incomplete. On the other hand, 
the coecoid, the dwarfed, as well as the fungoid growths of Azotobacter, 
may show white, yellow-orange, or red pigmentation; and all these 
strains could be brought to a very marked stability. The small non- 
sporulating rods grew usually white, more rarely yellow; and although 
the small sporulating rods did not exhibit any pronounced pigmenta¬ 
tion, they, too, showed differences of growth which thus far have been 
accepted as sufficient for establishing different bacterial “species/' 
But even if only the pronounced and fairly constant differences in pig¬ 
mentation are taken into account, we are confronted by the truly aston¬ 
ishing result that Azotobacter may present itself in not less than 14 
types of growth, all so different from each other that, according to the 
customary methods of defining bacterial species, they all would have 
to be accepted as separate species belonging to five or six different 
genera. 

Before entering upon the characterization of these different types of 
growth of Azotobacter a summary may be given in Table I, showing how 
often each type of growth was observed in our experiments, how many 
transformations were effected in each case, and in what direction these 
transformations took place. Most of the dwarfed type strains grew 
yellow; therefore all of them are listed in one column. 

These 188 transformations effected among approximately 2,000 trans¬ 
fers may not appear very impressive. However, several points have to be 
considered in this respect in order to reach a fair valuation of these 
results. First, it has to be kept in mind that under the microscope the 
seven different cell types have been seen in all cultures, although the 
number of cells of different shape was frequently not large enough to 
permit separation by plating. Secondly, it frequently happened that 
when plates were made the changed cells returned to the original type 
of growth, or their colonies were at first so similar to the others that they 
escaped detection. And the third point is that the new strains, once 
established, repeatedly proved themselves very persistent; it was men-, 
tioned above that retransformations took place occasionally not before 
five or more years had elapsed, and after hundreds of transfers had been 
made. It might be assumed that single-cell cultures should have given 
tetter results, but as pointed out before we do not share this view. 

As most of our experiments were made with Azotobacter ckroococcum and 
A. Beijennckii t their types of growth will always be discussed first, 
and then the differences obtained with regard to A. agile and A . vitreum . 
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Table X .—Types of growth and transformations observed in strains of Asoiobacier 
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I.—LARGE NON- SPORULATING CELLS 

In another paper, published in 1908 by the senior author together 
with T. Westeonann (30), a detailed description was given of all pecu¬ 
liarities of the large Azotobacter cells, based on a comparative study of 
21 strains, to which only few additions are to be made. The observa¬ 
tions then made upon the tendency of Azotobacter to form branched 
threads and to grow occasionally as a yellow or as a white sarcina have 
now found their explanation in the discovery of the fungoid and of the 
coccoid types of growth. It was also pointed out in that report that in 
several respects, especially in its colony formation and in its growth on 
potato, Azotobacter may exhibit certain traits characteristic of sporulat- 
ing rods. ' Numerous confirmative results were obtained in this direction. 
Not infrequently the colonies on mannite-nitrate agar did not show the 
typical coarse dark gray granulation, but a more or less hairy and 
brownish structure, indicative of the tendency to develop the rod form. 
The change from whitish to yellowish to brown growth was seen with 
both Azotobacter chroococcum and A . Beijerinckii . In 1908 it was said 
that probably A. Beijerinckii should be classed as a variety of A. chroococ¬ 
cum; our new findings prove the correctness of this view. Expecially 
a white strain of A. chrooccoccum (No. 10), originally isolated by Praz- 
mowski (40), behaved exactly like A. Beijerinckii. And several typical 
strains of A. chroococcum kept for five years in mannite-nitrate solution 
assumed the syne character—that is, they showed now little inclination 
to develop the typical dark brown to black color but produced a light 
yellow to light brown slimy growth. On the other hand, typical strains 
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of A* Beijerinckii were also found to be able to develop a dark brown or 
black color when they were kept for several months in tubes containing 
mannite-nitrate solution and partially immersed strips of filter paper. 
Directly above the solution the characteristic thick yellowish to brownish 
slime was always noticeable, but at the upper edge of the paper strips 
after four to six weeks a thin dark brown to black growth became visible, 
and the microscopic inspection revealed the fact that the cells in this case 
were much more solid and more uniformly stained than those making the 
more slimy light-colored growth. The latter are always granular and 
only partially stainable, as is characteristic of A. Beijerinckii . With 
A. agile analogous observations were made. The slimy growth was 
again of light brown color like that of A . Beijerinckii, and at the upper 
edge of the paper the same black development appeared in old cultures. 
If A. agile does not produce its characteristic green pigment, as frequently 
happens, its growth is hardly distinguishable from that of A. Beijerinckii; 
but here other types of growth as well as slight differences in morphology 
permit a clear differentiation, whereas there are no such differences 
between A. Beijerinckii and A. chroococcum. A. vitreum has never shown 
any • pigmentation of its large nonsporulating cells, which practically 
always retained their typical globular shape. The only exception 
noticed thus far was discussed in another paper (26 ); the large rodlike 
forms seen in this case were inclined to assume endosporulation, which 
could not be fully established, however. The large globular cells of 
A, vitreum leave no doubt about their being gonidangia or microcysts, 
and their behavior and appearance is very similar to that of globular 
gonidangia and microcysts of A. agile , A comparison of figure 6 on 
Plate A of our preliminary communication (28) with figure 94 on Plate 
8 of the present paper may illustrate this similarity. These large cells 
are Gram-negative, as is typical for the nonsporulating large cells of 
A. chroococcum- , A. Beijerinckii , and A . agile, but the somewhat smaller 
globular cells of A . vitreum, which often occur in sarcina formation, are 
Gram-positive. In this as well as in all other respects they display the 
character of the coccoid growth common to all Azotobacter strains; in 
fact, with all of the latter cultures microscopic pictures were obtained, 
especially from potato agar, which looked exactly like A. vitreum . In 
the first Azotobacter paper (30) it was mentioned that a white sarcina 
was grown from A. agile , as was a yellow sarcina from A. Beijerinckii . 
No explanation could be given at that time; but to-day we know that 
it was the regenerative bodies we had before us, and we are now also able 
to show that A. vitreum may grow in other types equal to those of 
A . agile —that is, A, vitreum is a variety of A . agile, as is A. Beijerinckii 
of A, chroococcum. Cultivation of the large nonsporulating cells in 
slightly acid mannite-nitrate agar (P E 6.o) always gave during the first 
two weeks good typical growth with strong characteristic pigmentation; 
in older cultures, however, the tendency to produce small cells became 
very marked and was repeatedly used to great advantage. Potato agar, 
on the other hand, favored especially the coccoid growth, while in soil 
quick changes to all different cell types were observed simultaneously. * 

2.—COCCOID GROWTH 

; , ^ As was explained before, this type of growth results when regenera¬ 
tive bodies cease to act as such and begin to multiply by fission and by 
budding. It is self-evident that in the beginning such strains are often 
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very unstable; they either grow up to large cells or reproduce rods either 
by germination or by simple stretching. But if they are once definitely 
established (cultivation on beef or on potato agar proved best for this 
purpose) they may cling tenaciously to their now micrococcus-like habit 
of growth. White growth was most frequent (Table I, p. 4x5), yellow 
next, and pink much more rare. Changes from white to yellow and 
from yellow to pink were observed in some cases, in full agreement with 
the results recorded with Micrococci (ay, p. jr, 43). As A. chroococcum 
as well as A. agile produce all three types of growth, it is easily under¬ 
stood why these differences in pigmentation can not be constant. 

The white coccoid growth is very similar to that ascribed to Micro¬ 
coccus concentricus Zimin. On agar smooth circular colonies are formed, 
which have a finely granular structure, resembling under the micro¬ 
scope very much those of the Bacterium pneumoniae Fried! group, 
except that the radiate stripes are missing. On gelatine they are dis¬ 
tinctly zoned and have lobate edges. The growth on beef agar, as 
well as on mannite-nitrate agar, is varying from thin dew-like to thick 
aerogenes-like layers. Gelatine is not or only very little liquefied. 
Beef broth becomes slightly turbid and has no film or ring, but heavy 
sediment. Milk remains unchanged, brom-cresol-purple is slightly 
reduced; occasionally a slow peptonization takes place, which, however, 
was always accompanied by a change’ from the coccoid to the fungoid 
cell type. On potato a thick, creamy yellowish grayish brownish 
growth, similar to that of Bacterium aerogenes , was observed. 

The yellow coccoid growth differs from the white one practically only 
by the yellow pigment produced in the cells on agar, gelatine, potato, 
etc., and the pink growth behaves in an analogous manner, except that 
the growth on potato was always very scant and colorless. Gelatine 
liquefaction was always absent or very moderate; motility was never 
seen. The pink cocci gave sometimes a brown hue to gelatine as well 
as to potato agar. According to the customary diagnosis, these yellow 
and pink coccoids would have to take their places close to Micrococcus 
sulfureus Zlmxxx, emend. Lehm. et Neum. and to Micrococcus roseus 
(Bumm) Lelim. et Neum., respectively. 

Nitrogen fixation was not noticeable with these coccoid strains. 
That, however, occasionally positive results may be obtained is proved 
by the fact that a culture, once determined as Micrococcus sulfureus 
var. tardigradus and found to be able to assimilate free nitrogen vigor¬ 
ously (27), has shown itself to have been the vegetative growth of the 
regenerative bodies of a yellow large sporulating rod, which stands very 
close to those developed from Azotobacter. 

3.—DWARFED GROWTH 

As tliis type of growth is the result of the vegetative propagation of 
the gonidia, it is always at the beginning, and not infrequently for a 
very long time, rather inconspicuous and easily overlooked. Very small 
whitish circular colonies of about diameter, of finely granular 

yellow structure in the center and of white, smooth appearance at the 
edge, are most typical. If the growth is more vigorous, a flaky struc¬ 
ture may become visible in the center, as with Bacterium sepiicaemiae 
haemorrhagicae Hueppe {18, Table 18 , VI). It often took two weeks 
before the colonies became visible. Transferred to agar, the growth is 
again frequently very thin and dewlike, and it may remain so on all 
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substrates—that is, a thin, colorless slime appears on solid media, 
while milk is left unchanged, and in broth as well as in mannite-nitrate 
solution hardly any growth becomes noticeable. More frequently, 
however, a better development takes place after a while, and in all 
cases observed by us this better growth was characterized by a bright 
yellow coloration, with the exception of two cases where later a red 
pigment was produced. The microscopical aspect and the other cul¬ 
tural peculiarities were identical in both cases. As no such bacterial 
growth was fully described before, as far as we know, the necessary 
data may be given here. 

Morphology (Pl. 3).-—Typical % to y A i& globular, oval, wedge-shaped, or rodlike 
cells, single, in short chains, or often in chimps, after two to four weeks mostly small 
cocci, yi to %p.. Changes to small rods, tococcoids,.and especially to fungoid growth 
were frequently observed: occasionally also upgrowth from the symplasm to large 
spore-free and to large spomlating cells. 

Staining after Gram was mostly negative; only in some cases very small granules 
showed a positive reaction, while the rest of the cells remained negative. 

Motility was mostly absent, only when Gram-positive granules were present the 
cells developed motility by one polar flagellum. 

Conjunction was frequent, especially in two days old cultures on salt agar and in 
salt-broth. Zygospores were formed. 

Gonxdxa were produced after the cells had grown up to full size. 

Gonxdangia of threadlike, clubbed, or globular shape, the latter equal to normal 
Azotobacter cells, were produced especially on potato agar, on potato, in milk, and 
in mannite-nitrate solution. Thin needlelike outgrowth was seen occasionally. 

Regenerative bodies of globular shape appeared, as a rale, after 2 to 3 weeks, 
especially on agar and on potato. 

Microcysts. —The small globular or oval cells often became thick-walled and 
germinated later to small, pale, thin-walled ovals. 

r Endospores.—P ale, small ovals were seen to transform themselves in toto to bright, 

| heat-resistant bodies, which gave rise to typical sporafating rods. 

Symplasm.^ —-Nearly always small as well as large cells developed from the symplasm, 
the former always and in much greater number in the thinner portions close to the 
edge, the latter in smaller number in the inner thicker parts. Filidia and sclerotia 
were also produced occasionally, the latter resembling those shown in figure 108 on 
Plate 9. 

Colonies. — On beef agar and on mannite-nitrate agar circular, % to 1 mm. in 
diameter, whitish to yellowish, with finely, granular to flaky yellowish structure, 
edge white, smooth. Occasionally larger, more slimy, and more whitish colonies 
were formed (changing to small rod type), or larger yellow circular colonies (changing 
to coccoid growth), or yellow brownish, colonies with somewhat irregular edge 
(changing to fungoid growth). On beef gelatine small yellow, dense colonies with 
smooth, sharp edges were formed; gelatine was not liquefied. 

Agar slants.—O n beef agar and on potato agar a flat, bright yellow, especially 
"greenish jellow, 'growth with somewhat irregular outlines is most frequent. Occa¬ 
sionally it becomes orange or yellow brownish (and the cells become in these cases 
fungoid). On mannite-nitrate agar the growth is thinner than on beef agar, often 
only dew-like and transparent. Phosphate agar gave a bright greenish yellow growth. 
The two red strains turned from whitish yellow to orange and later to brick red; 
their growth remained always very moderate. 

Beep gelatine gave only meager, thin surface growth, transparent or yellow; the 
gelatine remained either firm or showed after three to four weeks a little bowl-shaped 
depression, but only very little liquefaction. 

BEEP broth became slightly turbid, contained some yellowish (or reddish) sedi¬ 
ment; but only in one case a loose, thin yellow film and a thin yellow ring were 
produced. 

Milk remained always unchanged, except in those cases where the cells assumed 
fungoid growth. Some yellow (or red) sediment was always noticeable; occasionally 
also on the surface a ring and a few flakes of the same color appeared. 

Potato gave growth, as a rule, only after repeated inoculation. Then a little 
transparent slime appeared, which changed with well-growing strains to a fairly thick 
greenish yellow {or brick red) slimy layer. Occasionally it became dull and dry 
{changing to fungoid type), or remained slimy, but turned brown (changing to large 
spore-free cells). * 
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M annite-nitrate solution gave mostly only very little growth; it showed slight 
turbidity and some yellow sediment; in a few cases the solution itself became dis¬ 
tinctly yellow. 

F'Trogen fixation was not noticeable in pure cultures, but a very pronounced 
stin plating effect was exerted upon the. formation of thick floating membranes in 
mixed cultures (with large spore-free as well as with fungoid cells). 

Identical transparent and yellow strains of the dwarfed growth were 
isolated from Azotohacter chroococcum , A. Beijerinckii , A. agile , and A. 
vitreum. The two atypical cultures of red pigmentation came from one 
strain of A. Beijerinckii] while two other strains of this kind did not 
produce such growth. It can be safely said, therefore, that the various 
Azotohacter species and varieties did not exhibit any difference in their 
dwarfed growth. Bacterium antityphosum Almquist, discussed in Part I 
(ay, p. '147)9 is equally indistinguishable from our dwarfed Azotohacter 
growth morphologically as well as culturally; only the agglutination test 
would permit differentiation. Furthermore, one culture of Bacillus 
pumilus gave us a very similar, although very weak growth, and it is to 
be expected that in many other cases analogous results will be obtained, 
as soon as the bacterial gonidia and their behavior will be made the object 
of adequate studies. 

4. FUNGOID GROWTH 

As was discussed above, this type of growth is closely connected with 
the gonidial development. But whereas the gonidia, when they grow 
as such, become similar to a minute yellow Mycobacterium, the fungoid 
cells in the majority of cases grew as a white, fairly large Mycobacterium, 
which displays on potato a very characteristic dry, raised growth of pink 
color. Here the differentiation of Azotohacter chroococcum and A. Bei¬ 
jerinckii from A. agile and A. vitremn is very sharp. Identical strains 
of .the white-pink mycobacterium were isolated from practically all our 
cultures of A. chroococcum and A. Beijerinckii , but never from A . agile 
or A . vitremn. A few mycobacterium cultures of yellow or orange color 
were branched off in both cases, but these were always closely connected 
with the yellow dwarfed growth common to all Azotohacter strains. 
According to the descriptions given by Lehmann and Neumann {i8) f 
Sohngen (41), and Vierling (43), our yellow cultures may be identified 
with Mycobacterium luieum Sohngen, and the orange ones with Myco¬ 
bacterium lacticola Lehm. et Neum.; but we have also to confirm Vier- 
ling’s findings that the pigmentation is not absolutely stable. Changes, 
between yellow and orange were observed and occasionally also a tem¬ 
porary loss of pigmentation—that is, the same instabilities as were found 
with the dwarfed growth. 

The white-pink fungoid growth, characteristic of Azotohacter chroococcum 
and A , Beijerinckii , is perhaps identical with Mycobacterium album 
Sohngen. But the description given by the Dutch author {4.1) is too short 
to permit a definite statement. As no other description of this type of 
growth seems to have been published, our notes may find a place here. 

Morphology (Pl. 4).—Pale, irregular, slimy sheaths with dark granules are most 
common on mannite-nitrate agar and in mannite-nitrate solution. They are usually 
the first outgrowth of the symplasm and assume gradually more regular shape and stain 
more uniformly. On beef agar and in beef broth the pleomorphism typical of Mycobac¬ 
terium is always noticeable. Figures VI and XII of Table 69 and Figure X of Table 
70 in Lehmann’s and Neumann’s atlas (18) could have been made from our slides. 
In milk especially richly branched forms were seen; but continued cultivation in milk 
saused the transformation into slime producing small rods. On potato the inclination 
to assume endosporulation was very pronounced, while cultivation on potato agar gave 
either small nonsporulatmg rods or white or yellow coccoid growth." In soil and in 
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mannite-nltrate solution, especially with P H 7.5, the tendency to reproduce large 
nonsporalating Azotobacter cells was sometimes very marked, and transformations 
were effected accordingly, 
f Staining after Gram was always positive, 
i Motility was always absent. 

Gonxdia are often"liberated in great numbers especially from the slimy sheaths 
(fig. 40 on PL 4) and were frequently seen to grow up to rods or to pass over to the 
yellow, dwarfed growth. . . 

Gonidangia. —The targe, slimy threads containing numerous gonidia may be 
accepted as such. In addition the large, globular cells, produced in soil and in 
111 a unite-nitrate solution, which later grew as regular Azotobacter, are typical goni¬ 
dangia, Such globules, when developed from the symplastie stage on potato agar, 
quickly dissolved into heaps of small coccoid cells (regenerative bodies). 

Regenerative bobies were produced regularly in lateral or In terminal position. 
The former were seen to reproduce small spore-free rods, while the latter were inclined 
to become endospores. 

Arthrospores and microcysts were frequent on all substrates, but most abundant 
in water. 

Endospores were developed from the terminal regenerative bodies in five cases. 
When the microscopic picture was similar to that shown in figure 45 on Plate 4, the 
material was heated in beef broth or in mannite-nltrate solution first to 70° C., later 
to higher temperatures up to 90° C., and from successful tests cultures were made on 
potato and on beef agar. Heated material gave at^ first development intermediate 
between normal fungoid growth and small sporulating rods. Plating and repeated 
heating permitted final separation. 

Symflasm produced very manifold growth (Figs. 38, 47, and 48 on Pl. 4, Figs. 100, 
io2, and 107 on PL 9), although the typical pale, irregular sheaths with dark granules 
appeared most frequent. The large spore-free cells originated always from the sym- 
nlasm. Irregular sclerotla, like those reproduced in figure 108 on Plate 9, were also 
found with this type of growth. 

Colonies on mannitc-nitrate agar and on beef agar were in the beginning smaller^ 
but otherwise very similar to regular Azotobacter colonies. When the fungoid growth 4 
was more firmly established,, the colonies appeared macroscopically whitish, fiat, with 
raised, center and irregular edge, microscopically brown in the center, of hairy struc¬ 
ture, with thin, transparent, fringed edge, very similar to Figure X of Table 69 In 
Lehmann's and Neumann’s atlas (iS). When the tendency prevailed to assume a 
more regular rod-shaped growth, the colonies became circular with sharp edge and fine 
granulation, whereas the inclination to change to sporulating rods caused the appear¬ 
ance of smaller colonies with hairy structure and irregular moss-like edge, similar to 
small colonies of Bacillus wesenicricus. 

Agar slants.—A fiat, dry, grayish or whitish growth with thin, irregular edge is 
typical on beef agar as well as on mannite-nltrate agar. Often white spots are scattered 
over the surface. If the small spore-free rods are developing a thicker slimy white or 
slightly pink growth appears, while the change to small sporulating rods Is accompanied 
by a slightly yellowish color of the layer, which may show a few wrinkles. Potato agar 
produced a thick yellowish pinkish growth with yellow secondary colonies, from which 
a pure growth of yellow coccoids was branched off. 

Beep-gelatine. —Irregular, thin, grayish or pinkish surface growth, little develop¬ 
ment in stab; no liquefaction. 

Beep broth.' —Uniform turbidity, loose grayish film, whitish ring, heavy slimy 
white sediment. ~ 

Milk unchanged during the first days, then slowly peptonized, turning brown, 
becoming alkaline and very slimy; on the surface often a brittle film and a whitish 
ring are^visible. Alter repeated transfers from milk to milk the peptonization and 
brown discoloration ceased and the milk remained neutral and became very ropy; the 
cells had changed from^the fungoid type to small nonsporulating rods. 

Potato.— Typical raised, dry, pink growth with Irregular surface and edge. Rarely 
a yellowish grayish brownish, more or less slimy growth was produced; in these cases 
the Irregular cells assumed rod shape. 

Mannitb-nitratb solution became slightly acid, remained practically clear; on 
the surface a thin grayish film developed, which often ascended on the walls of the 
tubes and frequently showed the white dots characteristic of the growth of Azotobacter 
',Bdprmcki£; on the paper above the solution a thick slime developed, which later 
, turned brownish, and a heavy, white, slimy sediment was formed in the solution. 
Nitrogen fixation by pure cultures in mannite solution was not noticeable, but 
there was a pronounced tendency to produce the wrinkled dotted film, characteristic 
of^ etude Azotqbacter cultures, especially when the fungoid cells grew in symbiosis 
- with' the dwarfed cells. ’ 
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The characteristic pink growth on potato reminded the senior author 
that some strains of Bacterium lactis viscosum , tested by him in 1904 for 
nitrogen fixation, had presented a very similar appearance {23). One of 
these cultures was still available, as was another strain of the same 
■organism, isolated in 1909 from slimy milk. When tested, both strains 
behaved exactly alike and appeared very similar to the white fungoid 
growth of Azotobacter. Cell morphology, colony formation, the char¬ 
acteristic growth in milk and on potato were the same in both cases, 
and it was on account of these observations that with the fungoid Azoto¬ 
bacter strains frequently repeated tests in milk were made which, as was 
mentioned above, caused indeed a transformation to slime-prodiicing 
rods, which proved to be identical with Bacterium lactis viscosum. 

5.— SMAUb NONSFORUUATING RODS 

White and yellow nonsporulating rods were observed with all four 
types of Azotobacter; but their morphological and cultural behavior 
allowed a clear separation, those dervied from Azotobacter chroococcum and 
A, Beijerinckii being sharply differentiated from those of A. agile and 
A, vitreum. 

The white slime-producing small rod form of Azotobacter chroococcum 
and A . Beijerinckii exhibited all marks of Bacterium lactis viscesum 
.(18, p. 316; 23 , p> 587, 590). A transfer from Adametz’s original culture, 
which was received recently from Krai's Museum, differed considerably 
from the older descriptions, including that published by Adametz (1). 
The rods were of very irregular size and shape, motile by peritrichous 
flagella; they produced gas from mannite and various sugars, but milk 
was still made slimy. They also gave a yellow dwarfed strain, and a 
yellow as well as an orange fungoid growth identical to that of A. chroococ¬ 
cum . Furthermore, large globular and oval cells were formed quite 
readily which resembled typical Azotobacter cells very closely (fig. 48 
on PL 4 and fig. 57 on PL 5). That Bacterium lactis viscosum is able to 
fix nitrogen was shown before by the senior author (23). 

The yellow nonsporulating rods developed from Azotobacter chroococ¬ 
cum and A. Beijerinckii were practically counterparts to the white rods, 
as well as to the yellow strains branched off from Bacterium coli 9 Back 
typhosum , etc. (18, p. 382; 23, p. 57). On the other hand, they are 
directly related to the dwarfed yellow growth, as well as to the yellow 
fungoid type, from which they were developed and into which they could 
be transformed. Some strains were motile by polar flagella, others were 
immotile; all were Gram-negative. They liquefied beef gelatine to a 
varying degree, grew on beef agar as a slimy, bright yellow layer, made 
milk alkaline and digested it partially, and produced on potato a thick, 
greenish yellow to bright yellow to yellow-brownish slimy growth. The 
general character of the smallest rods, developed from the dwarfed growth, 
was sometimes very similar to that of Bacterium turcosum (Zimm.) 
Lehm. et Neum., while the larger motile or immotile yellow rods resem¬ 
bled more those strains described as Bacterium ochraceum and Bacterium 
fulvum (Zimm.) Tehm. et Neum. 

The white rods observed with Azotobacter agile amd A. vitreum either 
produced fluorescence or left the color of the substrate unchanged In 
both cases, however, morphology, flagellation, reproductive organs, col¬ 
ony formation, and growth on the various media were those of a Bacterium 
fluorescens which did not liquefy gelatine or only weakly {Bacterium 
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putidum Lehm. et Neum.). The fluorescence, when it appeared, was 
mostly weak and apparently was favored by a slightly acid reaction (as 
is the case with the typical A . agile), while ammonia, contrary to the 
usual behavior of Bacterium fiuorescens, remained without effect. 

The yellow rod developed from the dwarfed growth of Azotobacfer agile 
retained most of the cultural■ characteristics of its origin; merely the 
cell form was at least temporarily very much like that of Bacterium puii- 
dutn , and there was a clear tendency, especially in broth cultures, to 
assume endosporulation, which, however, could not be fully stabilized in 
this case. 

Quite different from the white rods of Azoiobader chroococcum , as well 
as of A. agile, are the two strains received from Dr. Mulvania (No. 26 
and 27). Both produced large amounts of gas and displayed in every 
respect the cultural characters of Aerobacter (Coli-Aerogenes group). 
However, their tendency to make large Azotobacterlike cells was very 
marked, and therefore we did not feel justified to discard them lightly 
as 14 contaminations/" Undoubtedly they do not belong to the life cycle 
of A, chroococcum or A. agile; but, as Mulvania (36) , too, noticed gas 
formation in his Azotobacter cultures, there remains the possibility, or 
even the probability, that another species of Azotobacter exists, which 
should be more thoroughly studied. The upgrowth from the gonidia to 
large cells was very similar to that observed with other Azotobacter 
strains (fig. 10 on PI 1). The tendency to assimilate free nitrogen has. 
been ascertained with several members of the Aerobacter group (24, p. 
688 ). 

6.—SMAXX SPORUIATING RODS 

Aztobadcr vitreum did not produce any sporulating rods, but 18 strains 
were grown from A. chroococcum, A. Beijerinckii, and A. agile. They 
again proved to be polymorphous, and equally so with both Azotobacter 
species. Width and length of the rods, as well as the endospore forma¬ 
tion, varied considerably, and the cultural features proved to be equally 
unstable. But these alterations were by no means erratic; in fact, there 
was a gradual increase in the size of the rods, a progressive change from 
polar to central sporulation, and a simultaneous passing from weak to 
vigorous growth. The smallest rods with polar spores were extremely 
fragile and little inclined to grow on the substrates used. Frequently 
reinoculation became necessary, and still losses occurred. On the other 
hand, when left undisturbed on the same substrate they remained alive 
for long periods. Two of these strains first appeared in old stock cultures 
(2d), and several of them survived when kept for five years in mannite 
solutions. When tested at the end of this period in beef broth and in 
mannite-ni’trate solution those of A. chroococcum and A. Beijerinckii 
grew only in the latter, while those of A. agile preferred the beef broth. 

Morphologically as well as culturally these small, weakly growing, 
Gram-negative rods with polar spores are practically identical with 
Bacillus termimlis Mig., as described by Lawrence and Ford (10). At 
first it seemed as if those of the chroococcum type could- be clearly 
differentiated from the agile type by the appearance of the spores; the 
latter showing ridges similar to those of B. asterosporus (A. Meyer) Mig, 
But the cultural character was distinctly different from that of B. astern- 
spams and very similar to that of the other strains. Ford and his 
collaborators have seen similar ridges occasionally upon the spores of 
brevis Mig., B. fmsiformis A. M. et Gottheil, and of related forms. 
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■and it is also our experience that this feature is rather unstable even in 
J5. asterospoms, as is proved by the permanent absence of ridged star 
spores in the original culture, obtained from the New York Museum of 
Natural History. 

When the strains show a somewhat more vigorous growth and their 
cells increase in size, the morphological and cultural characters become 
identical to those of Bacillus fusiformis A. M. et Gottheil, according to 
'the descriptions published by Gottheil (12) and by Lawrence and Ford 
(jo), with the exception that not only globular spores were produced but 
also many of oval shape. Comparative tests made with a culture from 
the New York Museum gave identical results. Only on potato agar 
nearly all spores were globular, and these showed a pronounced inclination 
to become normal regenerative bodies. Apparently B. cenirospoms Ford 
(17) should also be classed as a variety of B. fusiformis . The cultural 
marks are very similar, and the particular form of the rods is equally 
noticeable with otherwise typical B. fusiformis growth (fig. 63 on pi. 6). 

The next step in the development of the small sporalating rods of 
Azotobacter chroococcum and A. Beijerinckii proved to be a change in 
cell morphology from the slender, frequently pointed forms of Bacillus 
fusiformis to a more compact appearance with rounded or square ends, 
centrally located spores, and a change in the cultural character to that of 
Bacillus pumilus A. M. et Gottheil. Ford was unable to obtain a typical 
culture of this strain, and the one we received from Krai's Museum also did 
not fully agree with GottheiFs description; it displayed in several respects, 
especially on potato, unmistakably the characters of Bacillus fusiformis , 
that is, while our cultures gaining in size and vigor of growth changed 
from the type of Bacillus fusiformis to that of Bacillus pumilus , the 
weakened stock culture of the original isolation had followed the opposite 
course. Bacillus pumilus in its typical form makes a very characteristic 
grayish pinkish brownish smooth growth on potato, well known to the 
senior author from numerous isolations made under his direction by 
Bierema (6) in 1908. Two of these cultures were still at our disposal, as 
was also one culture of Bacillus Freudenreichii (Miquel) Mig., described 
by the senior author in 1905 (25, p. 719) and later recognized as closely 
related to Bacillus pumilus (6). The cultural features were still fairly 
similar to those of the original isolations, but the spore-formation had 
ceased entirely, and the cells exhibited clearly a mixture of fungoid and 
small rod-like growth. As was to be expected from these findings further 
testing confirmed that this fungoid growth of Bacillus pumilus is identical 
with the white-pink Mycobacterium developed from A . chroococcum and 
A. Beijerinckii as well as from Bacterium lactis viscosum . It was not 
^difficult to change these spore-free strains of Bacillus pumilus and 
"adllus Freudenreichii by continued cultivation in milk into typical 
evenajns of Bacterium lactis viscosum. On the other hand we have not yet 
aerotceeded in reestablishing the endosporulation, which once was very 
aerob^picuous with these strains, whose purity and authenticity are be- 
relatiq doubt. Successive transfers on potato and heating in beef broth 
:o 85° C. dearly favored the return to a more typical rod form (fig. 
54, and 46 on Plates 5 and 4) and also to the production of fairly 
^stant zygospores and arthrospores. But a complete success has not 
^n reached thus far, and this experience makes it easy to understand 
and T aiia fogotiS tests with Azotobacter have been and are so often failures. 

- e 3 till somewhat larger than BacMus pumilus is a sporalating rod 
* rich was developed directly from the dwarfed growth (No. 2 grown 
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repeatedly from No. i). A very similar strain was received from the 
New York Museum of Natural History as Azotohacter chroococcum (col¬ 
lection No. 522). Another subculture received from the same source- 
under the same number in 1915 had not shown endospore formation 
but grew very similarly to our dwarfed Azotohacter strains. It died 
out after a while, and therefore we can not decide whether the sporu¬ 
lating growth later received from New York was a legitimate offspring 
or a contamination. On account of the fact that the analogous change 
occurred repeatedly under our eyes, the former possibility seems to us 
more probable. The New York strain showed all features of B. circulans 
Jordan (17, p. 519), and our own culture (No. 2) was fairly similar ex¬ 
cept that it was more inclined to become a large speculating rod like 
those which we still have to discuss. 

The small sporulating rods of Azotohacter agile , while resembling very 
closely the smallest type developed from A. chroococcum and A. 
Beijerinckii , did not show 7 any tendency to pass over to the Bacillus 
pumilus type, and this is again in good agreement with the recorded 
absence of the white-pink fungoid growth in the cultures of A. agile. 
In cell form and colony type these sporulating rods first remained very 
dose to those of the small spore-free rods of A. agile (that is, Bacterium 
putidum) ; later however they did not exhibit any sharp difference from 
the Bacillus ierminalis-fnsijormis type. They, too, could be trans¬ 
formed into large sporulating rods. 

7 . LARGS SPORULATING RODS 

Here again Azotohacter chroococcum , A. Beijerinckii , and A. agile pro¬ 
duced very similar growths. The strains derived from the first-named 
species proved to be identical, morphologically as well as culturally, with 
Bacilluspetasites A. M. et Gottheil (12), while those obtained from A. agile 
exhibited more the character of B. sihaticus A. M. et Neide (37), but these 
differences are rather inconspicuous. An old stock culture of B, petasites 
received from New York was somewhat reduced in size, but otherwise quite 
typical. Like all strains developed from our Azotohacter cultures, it grew 
on beef agar either white, yellow, or brown. These three types of growth 
are not constant on account of the instability of the cells causing the 
different pigmentation. The typical, very large, broad, granulated rods 
produce the characteristic yellow 7 growth; the weakly staining oval cysts, 
which were discussed above, make a whitish grayish layer; and in the 
brownish material, which also may give a brown color to the agar, sporu¬ 
lating long rods and threads of more or less regular shape are most fre¬ 
quent (fig. 73, 74, 76, and 77 on Plate 7). Temporarily, of course, one 
or the other mode of growth may predominate, and in short-termed tests ; 
such cultures are liable to be erroneously classified as different “ specie*^' * 
Form, color, and structure of the colonies, although very characteristic in 
their typical development, may vary considerably, too. Occasionally 
colonies were seen which macroscopically as well as microscopically (low 
magnification) were Indistinguishable from those of the large nonsporu- 
lating cells of A. chroococcum; they contained nothing but spores. 

Illustrated descriptions, of two large, sporulating, nitrogen-fixing or¬ 
ganisms {Bacillus rmlabarensis , and B. danicus), which were published 
by the senior author some years ago (27, 29, 30) can now be accepted as 
descriptioi^ of the large spomlatiijg cell type of Azotohacter. A re¬ 
newed thorough study of our stock cultures left no doubt that-they 
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assume the character of this organism, as was already indicated in 
those earlier papers. With regard to B. danicus it was said in 1908 that 
all cell forms characteristic of Azotobacter were seen except the sarcma 
form; with the help of our newly won knowledge this could now be easily 
developed from secondary colonies on beef agar. The curious beet- 
shaped large cells of B . malabarensis can now also be identified with the 
gonidangia of the spomlating Azotobacter strains, and that the original 
isolation produced in mannite solution large globular spore-free Azoto- 
bacter-like cells (27) is also easily understood at present. 

Bacillus luteus Baker et Smith seems to be identical with B. peiasites , 
according to the detailed description published by Garbowski (u). The 
three types of growth (white, yellow, or brown), the inclination to pro¬ 
duce in secondary colonies yellow spore-free cells (coccoids), and the 
various cultural marks are the same in both cases. The ability to fix 
free nitrogen is, of course, variable; B. malabarensis and B. danicus were 
found to assimilate 1 to 2 mgm. per 100 cc. 1 per cent mannite soil 
extract. 

The potato cultures, which proved most helpful for reestablishing the' 
spore-free typical Azotobacter growth, gave also the only opportunity to 
distinguish with some accuracy the sporulating strains developed from 
Azotobacter chroococcum and A. Beijerinckii and those of A. agile. For 
one or two weeks all of them displayed first the whitish slimy, later 
the yellow glossy growth characteristic of Bacillus petasites; but then the 
growth became distinctly brown when derived from A. chroococcum of 
A. Beijerinckii , while it turned gray with A. agile as with Bacillus sil- 
vaticus. However, a much better differentiation was secured if use was 
made of the conspicuous inclination of these potato cultures to give rise 
to other types of growth. The cultures developed from A* chroococcum 
and A. Beijerinckii were found inclined to resume the character of B. 
pumilus , or transferred to beef gelatine they even went back to the very 
characteristic white-pink fungoid growth, while those of A. agile returned 
on beef gelatine to the white, small nonsporulating nonliquefying rod 
closely related to Bacterium putidum. Still more convincing, although 
more difficult to attain, is of course the reestablishment of the typical 
nonsporulating large cells-; continued culture on potato alternated with 
transplants to alkaline mannite-nitrate agar and solution gave compara¬ 
tively the most satisfactory results in this respect. 

That the large sporulating rods of theMegaterium type are much inclined 
to become smaller and to assume other cultural characters was often 
observed, and it is equally well known that stock cultures of the smaller 
sporulating rods not infrequently lose their ability to produce endospores 
, and become similar to Bacterium coli and related forms. With the anae¬ 
robic nitrogen-fixing bacilli of the Amylobacter group these changes are 
even more frequent, and the ability of these organisms to produce, 
aerobic nonsporulating coccoids brings them into closer contact with the 
aerobic nitrogen-fixing bacilli of the Azotobacter group. All these 
relations should be properly considered and more thoroughly studied. 

DISCUSSION OF RESULTS 

The observations recorded concerning the different types of vegetative 
growth and of reproduction of Azotobacter permit a much more complete 
and much more accurate characterization of this organism than has been 
given thus far to any other genus of bacteria. In fact, all form genera of 
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bacteria, as created by Ferdinand Cohn and his successors, have become 
invalid because, in accordance with earlier observations discussed in 
Part I (25), our experiments have shown that Azotobacter, like certain 
other natural groups of bacteria, is able to grow in all forms which were 
accepted as a basis for establishing the so-called genera Micrococcus, 
Bacterium, Pseudomonas, Bacillus, and Mycobacterium* Contrary to a 
very widespread, although quite illogical, assumption the pleomorphism 
of Azotobacter, as of all other bacteria, does not obscure but clarifies and 
strengthens the character of the genus as well as of its species. While a 
study of the large nonsporulating cells alone made it probable that 
Azotobacter Beijerinckii J. G; Lipman might be a variety of A. chroococcum 
Beij,, this conclusion has been made certain by the discovery that all 
other types of growth are identical in both cases. A. agile , on the other 
hand, exhibits in its large nonsporulating cell form certain features which 
might be accepted as proof that it should be classed as another variety 
of A . chroococcum , as was done, for example, by Prazmowski (40) ; yet its 
small nonsporulating rod form and its fungoid growth are so different 
that no doubt remains about its being a true species. That A. Vinelandii 
J. G. Lipman is identical with A . agile Beij. could be said on account of the 
identity of their large nonsporulating cell forms (30) , and all other 
developmental stages have now shown themselves • equally identical. 
A. mtreum Lohnis, in its large nonsporulating cell type apparently quite 
different from the other species, has displayed in all other directions so 
much similarity with A. agile that its being a variety of this species is 
practically certain, although this conclusion had to be drawn from the 
results, obtained with the only strain available. 

Three other Azotobacter species have been described as Azotobacter 
Woodstawnii J. G. Lipman (22), A. Hilgardi C. B. Lipman (jp), and 
A. Smyrnii C. B. Lipman et Burgess (20); but they all should be canceled. 
The first one was never shown to be able to fix nitrogen, and its charac¬ 
terization is not distinct, enough. The second one w*as only very 
incompletely described. According to information kindly furnished by 
its author it was “very similar” to A. Smyrnii* This like the other 
is no; longer alive, but its illustrated description (20) leaves no doubt 
that it was Identical with the sporulating large cell form of A. chroococcum. 
it is true that the original description says motility and spores were* 
lacking;, but the characterization of what was accepted as vegetative 
cells makes it certain that only spores were seen and photographed. 
Every mark ascribed to A. Smyrnii tallies exactly with those of quickly 
sporulating large cells of A. chroococcum (Bacillus petasites). 

The ability of Azotobacter to produce in certain stages of growth genii' 
ine heat-resistant endospores was accepted by the senior author (26) as # 
proof that it should be classed as Bacillus azotobacter among the sporu : 
'fating bacilli But after our more recent studies have shown conclusively 
that all old form genera, including that of Bacillus P. Cohn emend. 
Hueppe, will have to be replaced gradually by natural genera, based on 
complete investigation of their life histories, it appeared preferable to 
retain and to emend the genus Azotobacter Beij. by adding to the large 
nonsporulating type of growth the six other growth types described on 
the preceding pages. 

Contrary to our observations upon endosporulation in Azotobacter 
cells it was asserted by I). H. Jones (16 ), as well as by the Committee of the 
Society of American Bacteriologists on Characterization and Classify 
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cation of Bacterial Types (45) that Azotobacter does not produce heat- 
resistant endospores. As an analogous assertion had been made by 
this Committee in a preliminary report, the senior author pointed out 
at the Annual Meeting of the Society in 19x7 that this opinion was con¬ 
trary to the facts recorded by him in 1914 and 1916 (26, 28 ). The 
final report of the committee, however, still retains the statement that 
Azotobacter does not produce heat-resistant spores. Jones' assertion 
is in conflict with our observations and, furthermore, seems to be con¬ 
tradicted by his own data. He reports (r< 5 , p. 328) that some of his 
stock cultures— 

produced colonies of encapsulated spore-forming rods both large and small. 

Because these sporulating rods did not grow like Azotobacter, he con¬ 
cluded that they were contaminations. That this assumption may 
have been correct is of course possible, but it is equally possible that the 
facts observed are further proof that endosporulating rods may be 
produced by Azotobacter. We tried to make it clear in our first paper 
on this subject (26) that naturally the sporulating cells of Azotobacter 
differ in their growth as in their appearance more or less from the non- 
sporulating cells, but that the possibility to change them back to the 
original nonsporulating form proves beyond doubt that they are really 
a type of growth of Azotobacter and no “contamination.” To assume 
that morphologically different cells should display the same physiological 
(cultural) character is, of course, quite illogical. This point was em¬ 
phasized in the following statement in our preliminary paper {28, p.690 ): 

Such wide morphological-* differences must always be connected with no less con¬ 
siderable alterations of the whole physiological character, so that these other types, if 
they are known, of course, are stored away as entirely different “species” in various 
remote places in the so-called “system” of bacteria. This conclusion can be drawn 
with absolute certainty from our observations on B. azotobacter as well as from Henri’s 
experiments with B . a?itkracis. If only those changed forms, frequently seen in all 
bacteriological laboratories, had not been persistently discarded as uninteresting 
“involution forms” or as “contaminations,” the whole situation would undoubtedly 
be much clearer and much more satisfactory. 

Transformations from and to the original type of growth alone are 
decisive. That they can not be expected in short-termed experiments 
conducted along the customary lines of bacteriological research is amply 
proved by the facts recorded in this and in the first part of our Studies 
upon the Life Cycles of the Bacteria (25). Negative results based upon 
such experiments are not conclusive. 

With reference to the question of conjunction of bacterial cells, Jones 
(*7> P- 33o) states— 

that what is here referred to as conjunction of two individual cells is rather the incom¬ 
plete fission of individual cells in process of division. 

"That there were “side connections” which drew our attention to this 
point, and that these lateral bridges are clearly visible in our photographs 
can not be explained, however, upon the assumption of incomplete 
fission. That also in this case we merely rediscovered a fact which 
should long have found its place in the bacteriological text books was 
shown beyond doubt by the data we were able to collect and to present 
in Part I (35, p. 197-204). 

That pathogenic bacteria—for example, the causative agents of bubonic 
plague, anthrax, cholera, diphtheria, etc.—are just as pleomorphous as 
Azotobacter, Nitrosomonas, Bacterium^radicicola, etc., and that their 
25622 — 23—-3 
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life histories follow the same fundamental lines can no longer be denied, 
provided that the facts recorded in, the literature are taken under ade¬ 
quate consideration. In morphological, as well as in physiological respects, 
much interesting information is to be expected from such investigations. 

As was frequently noticed in bacteriological tests of soils, wherein 
usually a normal growth of Azotobacter is to be observed, this organism 
may be temporarily replaced by other nitrogen-fixing bacteria, such as 
Bacterium laciis viscosum and other nonsporulating rods, various large 
sporulating bacilli, some micrococci, etc. The possibility that different 
developmental stages of the same organism may have to be made respon¬ 
sible for such changes sheds new light upon the very great ability of the 
bacteria to adapt themselves to widely varying environmental condi¬ 
tions. It is especially noteworthy that the life cycle of Azotobacter not 
only unites several of the best-known aerobic nitrogen- and nitrate- 
assimilating organisms, but also strong ammonia producers and forms 
which are known to be very able to make use of the various organic 
substances of the soil, first of all of the humates, namely, several myco¬ 
bacteria (41, 43). 

SUMMARY 

Tests made with 30 strains of Azotobacter and with several cultures of 
related bacteria have shown that only two species of Azotobacter are 
completely characterized thus far: Azotobacter ckroococcum and A. agile 
Beij. (syn. A. Vinelandii J. G. Lipman). A. Beijerinckii J. G. Lipman 
is a variety of A. ckroococcum and A. vitreum Lohnis is probably a variety 
of A. agile. A. Smyrnii C .B. Lipman et Burgess can not be accepted as 
a species; according to all marks ascribed to it by its authors it is the 
large sporulating growth type of A. ckroococcum . A. Hilgardi C. B. 
Lipman and A. WoodstowniiJ. G. Lipman are both incompletely described 
and should not be retained. 

The genus Azotobacter is characterized by the morphological and 
physiological behavior of its seven different cell types. These are 
(1) large nonsporulating globular, oval, or rodlike cells of white, yellowish, 
or brown color, with polar or peritrichous flagella, able to act as gonidangia 
and microcysts; (2) coccoid cells of white, yellow, or pink pigmentation, 
the vegetative growth of the regenerative bodies, identical with Micro¬ 
coccus conceniricus Zimin., Micrococcus suljureus Zimin, emend. Lehm. et 
Neum., and with Microcococcus roseus (Bumm) Lehm et Neum., respec¬ 
tively; (3) dwarfed cell type of yellow, white, or of red color, the vege¬ 
tative growth of the gonidia; (4) irregular, fungoid cells, producing a 
yellow, orange, or (in the case of A. ckroococcum and A. Beijerinckii) a 
white or pink growth; the former two are closely related to the dwarfed 
growth and identical with Mycobacterium luteum Sohngen and with, 
Mycobacterium lacticola Lehm. et Neum., respectively, while the latter is 
probably identical with Mycobacterium album Sohngen; (5) small non- 
sporulating rods of white or of yellow color, the former being identical 
with Bacterium laciis viscosum (Adametz) Lehm. et Neum. in the case 
of A. ckroococcum and A. Beijerinckii , but with Bacterium putidum 
(Fliigge) Lehm. et Neum. in the case of A. agile and A. vitreum; (6) small 
sporulating rods, identical with Bacillus ierminalis Mig., Bacillus fusi - 
formis A. If. et Gottheil, and in the case of A. ckroococcum and A. Bei¬ 
jerinckii with Bacillus pumilus A. M. et Gottheil; (7) large sporulating 
cells, growing white, yellow, and brown, identical with Bacillus Mens 
Baker et Smith, Bacillus peiasim A. M. et Gottheil, Bacillus malabarensis 
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Lohnis et Filial and Bacillus danicus Lohnis et Westermann; those 
grown from A. agile showed some marks of Bacillus silvaticus A. M. et 
Neide, which, however, is closely related to Bacillus luteus. All cel! 
types were transformed into each other. 

The reproductive organs of Azotobacter are (1) gonidia, in part filter¬ 
able, produced in small numbers, one to four, in the small cells, and in 
larger quantities in the large ones, which act in this case as gonidangia; 
(2) regenerative bodies and exospores, either produced by the cells in 
lateral or in terminal position, or growing up from the symplasm; (3) 
arthrospores, formed by fragmentation of the rod-like or fungoid cells; 
(4) microcysts, that is, small or large globular or oval resting cells; (5) 
endospores, produced singly by the rod-like cells in terminal or in central 
position, or to two or more in globular or spindle-shaped sporangia. 
Gonidia form the basis for the development of regenerative bodies, 
arthrospores and endospores; the production of polar regenerative 
bodies always preceded the establishment of endosporulation, and endo¬ 
spores were found to be able to reproduce gonidia and regenerative bodies. 

The formation of the symplasm and the regeneration of new cells 
from this more or less amorphous substance of varying stainability 
proceeds with Azotobacter in the same manner as with all other bacteria. 
Amoeboid movement of symplasm was never observed, but strong inner 
movements were seen, and occasionally globular macrocysts were found 
which are analogous to the macroplasts discovered by Lankester. Be¬ 
sides normal cells, relatively solid agglomerations of more or less irregular 
shape were produced by the symplasm, so-called sclerotia, which later 
either transformed themselves to vegetative or reproductive cells or 
reentered the symplastic stage. Targe “filidia,” representing another 
type of more or less irregular and ephemeric upgrowth from the sym¬ 
plasm, were also observed. . 

Conjunction was regularly seen in young cultures before the formation 
of gonidia, regenerative bodies, and of exospores and endospores took 
place. Part of the regenerative bodies are clearly zygospores. The 
cell union is either temporary, effected by connecting beaks, bridges, or 
by direct contact of two or more cells, or permanent due either to a 
sticking together of two uniform cells, which retain their identity, or to 
a coalescence of two cells of more or less different appearance. These 
various modes of conjunction, observed with Azotobacter as with other 
bacteria, resemble very closely those recorded with yeasts and with 
protozoa. 

The fact that the different developmental stages of Azotobacter could 
be in part identified with certain so-called species belonging to the 
form genera Micrococcus, Bacterium, Pseudomonas, Bacillus, and Myco¬ 
bacterium demonstrates anew and conclusively that the whole system 
of bacteria needs complete revision, which is to be based upon the 
results of thorough examination of the life histories of the bacteria. 

Some bacteriologists will be inclined to explain the phenomena re¬ 
ported in this paper by assuming accidental contaminations of the cul¬ 
tures studied. However, careful consideration of the data reported 
will show that most of the changes shown can not reasonably be ex¬ 
plained upon the hypothesis of contaminations and that there are no 
changes reported where the reasons that might be imagined for the 
adoption of the contamination hypothesis deserve any more considera¬ 
tion than the reasons advanced for considering them to be normal changes 
in the life cycle of Azotobacter. * 
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Note.—A ll preparates (Plates 1-9) were stained with aqueous fuchin. Magnifi¬ 
cation in all cases X900. 



PLATE i 

Large non-sporulating cells. 

Fig. i.—Large cells made tip of nuclear material and slime. Azofobacter chroococcum 
(No. 24). Mannite soil extract, 2 days. 

Fig. 2.—Large globular, oval, and rod-like cells, cells of medium size with nuclei. 
A . chroococcum (No. 14). Mannite-nitrate solution, 5 days. 

Fig. 3.—Nuclei of cells of medium size liberated making small cells. A. agile 
(No. 16). Mannite-nitrate agar, 6 weeks. 

Fig. 4.—Liberated nuclear material making regenerative bodies. A. chroococcum 
(No. 22). Mannite-nitrate solution, 7 days. 

Fig. 5.—Large cells producing gonidia and regenerative bodies. A. chroococcum 
(No. 12). Beef agar, 3 weeks. 

Fig. 6,—Regenerative bodies produced by large cells. A. chroococcum (No. 18). 
Beef agar, 5 days. 

Fig. 7.—Large round and rod-like cells. A. agile (No. 16c). Beef agar, 2 days. 
Fig. 8.—Typical mixture of large and medium-sized cells. A . chroococcum (No. 11). 
Mannite-nitrate agar, 1 week. 

Fig. 9.—Typical mixture of medium-sized and small cells in old culture. A . agile 
(No. 16). Mannite-nitrate agar, 11 months. 

Fig. 10.—Upgrowth from small to large cells. A, sp. (No. 26). Mannite-nitrate 
solution, 5 days. 

Fig. 11.—Liberation of gonidia from regular and irregular cells. A. chroococcum 
(No. 22), Mannite-nitrate solution, 5 weeks. 

Fig. 12.—Spirochaetoid forms, branched and budding cells. A. Beijerinckii (No. 
13). Beef agar, i }4 month. 
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PLATE 2 
Coccoid cells. 

Fig. 13.—Gonidia budding. Azotobacter chroococcum (No. 24). Mannite-nitrate 
solution, 1 day. 

Fig. 14.—Gonidia growing to regenerative bodies. A. chroococcum (No. 18). Potato 
agar, 1 week. 

Fig. 15.—Small regenerative bodies growing from large pale cells. A. chroococcum 
(No. 10). Mannite-nitrate agar, 6 days. 

Fig. 16.—Regenerative bodies multiplying by budding and fission. A . chroococcum 
(No. 25). Mannite-nitrate solution, 2 days. 

Fig. 17.—Typical coccoid growth. A. Beijerinckii (No. 6). Potato agar, 3 weeks. 
Fig. 18.—Coccoid cells of small size. A. chroococcum (No. 10). Mannite-nitrate 
agar, 4 weeks. 

Fig. 19.—Upgrowth from small to large coccoid cells. A. chroococcum (No. 19). 
Beef agar, 10 days. 

Fig. 20.—Regeneration of large cells. A . agile (No. 7). Milk, 4 weeks. 

Fig. 21.—Coccoids and sclerotia from symplasm. Bacillus Freudenreichii (No. 62). 
Beef agar, 1 week. 

Fig. 22.—Coccoids reproducing small rods. A. Beijerinckii (No. 15). Potato agar, 
5 weeks. 

Fig. 23.—Coccoids reproducing small sporulating rods. A. chroococcum (No. 19). 
Mannite-nitrate solution, 5 days. 

Fig. 24.—Coccoids reproducing cells of different size and shape. A. chroococcum 
(No. 25). Potato, 4 days. 



PLATE 3 
Dwarfed growth. 

Fig. 25.—Typical gonidial growth. Azotobacter Beijerinckei (No. 6). Beef agar, 3 
weeks. _ ~ w 

Fig. 26.—Typical gonidial growth. A. chroococcum (No. 17). Mannite-nitrate 
agar, 5 days. 

Fig ; 27.—Dwarfed ceils producing regenerative bodies. A. chroococcum (No. 1). 
Mannite-nitrate agar, 2 weeks. 

Fig. 28.—Gonidia and slime, beginning formation of fungoid cells. A. vitreum 
(No. 9). Mannite-nitrate agar, 5 days. 

Fig. 29.—Formation of fungoid cells from gonidia. A, vitreum (No. 9). Mannite- 
nitrate agar, 7 days. 

Fig. 30.—Dwarfed cells assuming fungoid growth. A. chroococcum (No. 17). Beef 
agar, acid, 16 days. 

Fig. 31.—Gonidia growing to small non-sporulating rods. A. chroococcum (No. 1). 
Potato agar, 7 weeks. 

Fig. 32.—Gonidia growing to small and large rods. A. chroococcum (No. 1). Beef 
agar, 11 days. 

Fig. 33.—Symplasm reproducing dwarfed growth and large slime threads (filidia}. 
A . chroococcum (No. 1). Potato agar, 3 weeks. 

Fig. 34.—Dwarfed growth and rods of different size from symplasm. A. chroococcum 
(No. 1). Mannite-nitrate agar, 6 days. 

Fig. 35.—Upgrowth of large rods and globules from dwarfed growth. A. c hroococcum 
(No, 1). Beef agar, 11 days. 

Fig. 36. Development of dwarfed cells, large globules, and branched fiiidia from 
symplasm. A. chroococcum (No. 1). Potato agar, 3 weeks. 
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PLATE. 4 
Fungoid cell type. 

Fig. 37.—Typical fungoid growth. A. Beijerinckii (No. 15), Mannite-nitrate agar, 
5 days. 

Fig. 38.—Large fungoid growth. A. Beijerinckii (No. 15). Maimite-nitrate agar, 
5 days. 

Fig, 39.—Large fungoid growth, well stained. A. ckroococcum (No. 14). Potato, 1 
week. 

Fig. 40.—Slime threads liberating gonidia. A. ckroococcum (No. 17). Maimite- 
nitrate agar, 5 days. 

Fig. 41.—Slime threads producing gonidia and small rods. Bacterium lactis viscosum 
(No. 90). Maimite-nitrate agar, 2 days. 

Fig. 42.—From fungoid to coecoid and rod forms. Bacterium lactis viscosum (No. 90). 
Potato, 4 weeks. 

Fig. 43.—From fungoid growth to small spore-free rods. A. Beijerinckii (No. 25). 
Beef broth, 3 weeks. 

Fig. 44.—From fungoid to coccoid and sporalating growth. A . Beijerinckii (No. 15). 
Potato agar, 12 days. 

Fig. 45.—From fungoid growth to spore-free and spomlating rod forms. A. Beije¬ 
rinckii (No. 15). Beef broth, 4 weeks. 

Fig. 46.—From fungoid growth to spomlating rods. Bacillus pumilus (No. 61). 
Beef broth, heated to 75 0 C., 1 week. 

Fig. 47.—Fungoid, rod-like, and large globular cells from symplasm. A. Beijerinckii 
(No. 15). Maimite-nitrate solution, 2 weeks. 

Fig. 48.—Coccoid, fungoid, and large globular cells from symplasm. Bacterium lactis 
viscosum (No. 89b). Beef agar, 1 w r eek. 
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PLATE 4 

Fungoid cell type. 

Fig. 37.—Typical fungoid growth. A, Beijerinckii (No. 15). Mannite-nitrate agar, 
5 days. 

Fig. 38.—Large fungoid growth. A. Beijerinckii (No. 15). Mannite-nitrate agar, 
5 days. 

Fig. 39.—Large fungoid growth, well stained. A » chroococcum (No. 14). Potato, 1 
week. 

Fig. 40.—Slime threads liberating gonidia. A. chroococcum (No. 17). Mannite- 
nitrate agar, 5 days. 

Fig. 41.—Slime threads producing gonidia and small rods. Bacterium lactis viscosum 
(No. 90}. Mannite-nitrate agar, 2 days. 

Fig. 42.—From fungoid to coccoid and rod forms. Bacterium lactis viscosum (No. 90). 
Potato, 4 weeks. 

Fig. 43.—From fungoid growth to small spore-free rods. A. Beijerinckii (No. 15). 
Beef broth, 3 weeks. 

Fig. 44.—From fungoid to coccoid and sporulating growth. A. Beijerinckii (No. 15). 
Potato agar, 12 days. 

Fig. 45.—From fungoid growth to spore-free and sporulating rod forms. A. Beije¬ 
rinckii (No.15). Beef broth, 4 weeks. 

Fig. 46.—From fungoid growth to sporulating rods. Bacillus pumilus (No. 61). 
Beef broth, heated to 75° C., 1 week. 

Fig. 47,—Fungoid, rod-like, and large globular cells from symplasm. A. Beijerinckii 
(No, 15). Mannite-nitrate solution, 2 weeks. 

Fig. 48.—Coccoid, fungoid, and large globular cells from symplasm. Bacterium lactis 
viscosum (No. 89b). Beef agar, 1 week. 



PLATE s 

Small non-sporalating rod s* 

Pigi 49.—CoccobacilE derived from large cells. Asotobacier Beijerinckii (No.fig). 
Mannite-nitrate agar, 7 days. 

Pig. 50.—-Typical coccobadlli. A . Beijerinckii (No. 15). Beef agar, 7 days. 

Pig. 51.—Small rods with gonidia and regenerative bodies. A . cEroococcum (No. 25) * 
Potato, 3 weeks. 

Fig. 52.—Tendency to make longer spomlating rods. A. Beijerinckij (No, 15). 
Potato, 6 days. 

Fig. 53.—From small rods to fungoid and spomlating cells. A . Beijerinckii (No, 15). 
Beef broth, 4 weeks. 

Fig. 54.—Tendency to return to spomlation. Bacillus pumilus (No. 60). Beef 
gelatine, 7 days. 

Fig. <$*■—From small rods to fungoid and globular growth. A . vitreum (No. o). 
Salt agar, 3 days. 

Fig. 56.-—Small rods and large globules growing from symplasm. A . agile (No. 7c). 
Beef agar, 3 weeks. 

Fig. 57.—Small rods producing Azotobacter-like gonidangia. Bacterium lactis vis- 
cosum (No. 89b). Mannite-nitrate agar, 1 week. * 

Fig. 58.—Small rods assuming fungoid growth. Bacillus pumilus (No. 61), Milk, 
2 weeks. 54 

Fig. 59.—Small and large rods growing from symplasm. A. agile (No., 7c). Potato 
agar, 1 week. 

Fig. 60.—Small and large rod-like and round cells growing from symplasm. A . agilf 
(No. 16b). Beef agar, 1 week. 
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PLATE 6 

Small sporulating rods. 

Pig. 61.—Typical sporulating rods. Azotobacter Beijerinckii (No. 5). Beef agar, 2 
days. 

Fig. 62.—Weakened sporulating rods. A. agile (No. 7). Mannite-nitrate solution, 
3 weeks. 

Fig, 63.—Larger sporulating rods. A . chroacoccum (No. 19). Beef agar, 10 days. 
Fig. 64.—Threads producing gonidia. A. Beijerinckii (No. 5). Milk, 2 months. 

Fig. 65.—Threads producing gonidia, regenerative bodies, and endospores. A. 
Beijerinckii (No. 6). Beef broth, 1 week. 

Fig. 66.—Arthrospore formation; encysted symplasm. A. Beijerinckii (No. 6), 
Milk, 7 weeks. 

Fig. 67.'—Rods producing gonidia and regenerative bodies. A. Beijerinckii (No. 6). 
Mannite-nitrate solution, 2 weeks. 

Fig. 68.—Conjunction and zygospore formation. A. Beijerinckii (No. 6). Mannite- 
nitrate solution, 2 weeks. 

Fig. 69.—Formation of gonidangia and regenerative bodies. A. Beijerinckii (No. 6). 
Mannite-nitrate agar, 4 weeks. 

Fig. 70.—Spores producing regenerative bodies. A. Beijerinckii (No. 6). Beef agar, 
2 weeks. 

Fig. 71.—Upgrowth to large sporulating rods. A. Beijerinckii (No. 6). Mannite- 
nitrate agar, P H 8.0, 3 weeks. 

Fig. 72.—Development to large sporulating rods. A. Beijerinckii (No. 6). Mannite- 
nitrate agar, P H 7.5, 4 weeks. 



PLATE 7 

Large speculating cells. 

Kg- 73*—Typical large speculating cells. Azotobacter Beijerhickii (No. 3). Potato, 
2 weeks. ' * 

Pig. 74.—Mkrocysts and vegetative rods.— A* chroococcum (No. 25). Beef agar, 

1 week. 

Pig* 75*—Branched rods and threads. A. Beijerinckii (No. 3). Beef agar, 12 days. 
Fig. 76.—Threads with different segments. ". 4 . Beijerinckii (No. 4). Beef agar, 

2 weeks. 

Kg. 77.—Threads with gonidia and regenerative bodies. . A, Beijerinckii (No. 3). 
Beef agar, 5 days. 

Fig. 78.—Thread segmenting to globular cells. A. chroococcum (No. 18), Mannite 
soil extract, 3 weeks. 

Fig. 79.-—Globular sporangia producing 1 to 3 spores. Bacillus danicus (No. 34). 
Mannite-nitrate agar, 2 weeks. 

Fig. 80.—Globular cells dividing to 2 curved rods. . 4 . chroococcum (No. 20). Potato, 
1 week. 

Fig. 81,—Branched sporangia. . 4 . ckrococcum (No. 25). Mannite-nitrate agar, 

3 weeks. 

Fig. 82.—Sponilation replaced by gonidangiaformation. . 4 , chroococcum (No, 20). 
Potato, 1 week. 

Fig. 83.—Beginningendospomlation of large rods. . 4 . agile (No. x6c). Beef agar, 
3 days. ■ 

Fig. 84.~~Regeneration of large globular cells from symplasm. . 4 . chroococcum 
(No, 25). Potato, 1 week. 




















PTATB 8 

Gonidangia; conjunction. 

Fig. 85.—Typical globular gonidangia. Azotobacier chroococcum (No. 22). Beef 
agar, 3 weeks. 

Fig. 86.—Dissolution of gonidangia. . 4 . chroococcum (No. 22). Beef agar, 1 
week. 

Fig. 87.—Dissolution of gonidangia. A. Beijerinckii (No. 4). Mannite-nitrate 
agar, 9 days. 

Fig. 88.—Dissolution of gonidangia. A. chroococciwi (No. 12). One percent salt- 
mannite-nitrate agar, 4 days. 

Fig. 89.—Globular and threadlike gonidangia; also conjunction. A. chroococcum 
(No. 10). Mannite-nitrate agar, 4 days. 4 

Fig. 90.—Regeneration of cells in gonidangium. A. chroococcum (No, 25). Potato, 
4 days. 

Fig. 91.—Globular and threadlike gonidangia; also microcysts. A. agile( No. 16c). 
Beef agar, 2 weeks. 

Fig. 92.—Threadlike gonidangia producing new cells. A. agile (No. 16). Potato 
agar, 1 week. 

Fig. 93.—Microcysts germinating. A* agile (No. 16). Mannite-nitrate agar, 2 
months. 

Fig. 94.—Microcysts germinating, also liberating gonidia. A. agile (No. 7). Potato 
agar, 1 week. 

Fig. 95.—Conjunction and fission. A. vitreum (No. 9). Potato, 4 days. 

Fig. 96.—Same as figure 95. 



PLATE 9 

Symplasm. 

Pig. 97.—Formation of s/mplasm by regenerative bodies. A. chroococcum (No. 23) 
Potato, 9 days. 

Fig. 98.—■Regenerative units starting to grow. A. chroococcum (No, 19). Beef 
gelatme, 4 weeks. 

Fig. 99.—Regenerative bodies growing from symplasm. A. chroococcum^®. 25). 
Beef agar, 4 weeks. 

Fig, 100.—Various cell forms growing from symplasm. A. Beijerinckii (No. 15). 
Mannite soil extract, 2 months. 

Fig. 101.—Branching small cells growing from symplasm. A . chroococcum (No. 1). 
Mannite-nitrate solution, 5 days. 

Fig, 102.—Sponilating small rods growing from symplasm. A. Beijerinckii (No. 15). 
Mannite-nitrate solution, 17 days. 

Fig. 103.—Beginning formation of rods. A. vifreum (No. 9). Mannite-nitrate 
solution, 10 days. 

Fig. 104.—Radial growth of rods from symplasm. Bacillus fusiformis Gotfcheil 
(No. 149). ' Beef agar, 2 weeks. 

Fig. 105.—Tangential growth of rods from symplasm. A. Beijerinckii (No. 6). 
Mannite-nitrate solution, 2 weeks. 

Fig. 106.—Formation of new cells by agglomeration of regenerative units. A. chroo¬ 
coccum (No. 22). Mannite soil extract, 4 days. 

Fig, 107—Formation of fill* dia by agglomeration. A. Beijerinckii (No. 15). Mannite 
soil extract, 8 months. 

Fig. 108.—Formation of sclerotia. A chroococcum (No. 19). Potato, 4 weeks. 
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INFLUENCE OF FERTILIZERS CONTAINING BORAX 
ON THE GROWTH AND FRUITING OF COTTON 1 

By J. J. Skinnbr, Biochemist, Soil-Fertility Investigations, Bureau of Plant.Industry, 

and F. E. Allison, Soil Biochemist , Fixed Nitrogen Research Laboratory , United 

States Department of Agriculture 

The injury to cotton and other crops during the season of 1919 by 
fertilizers containing borax led to considerable experimentation, and a 
number of reports have been made recording the results of these studies 
on the effect of borax and fertilizers containing borax on crops, especially 
on corn, cotton, and potatoes. The extent of the injury to cotton and 
potatoes in 1919 is described by Schreiner, Brown, Skinner, and Shapo¬ 
valov (y) 2 in a report published in 1920. Other reports on the injury to 
cotton have been made by Blackwell and Codings (1) and Plummer and 
Wolf (7). Conner (4, 5) first investigated the effect of borax on plant 
growth; his work was with corn, although later he also studied its effects 
on several other plants. Morse has reported upon the effects of borax, in 
fertilizer in Maine (6). 

In order to study the matter fully, a series of field experiments planned 
by the Office of Soil-Fertility Investigations of the Bureau of Plant 
Industry, United States Department of Agriculture, was conducted in 
1920 on several types of soil and on several crops. Arrangements were 
made to conduct these experiments at Presque Isle, Me., cooperatively 
with the Maine Agricultural Experiment Station; at New Brunswick, 
N. J., cooperatively with the New Jersey Agricultural Experiment Sta¬ 
tion; at Muscle Shoals, Ala., cooperatively with the Fixed Nitrogen 
Research Laboratory, then of the War Department; and at the Arling¬ 
ton Experimental Farm, Ya. 

Potatoes were grown in Maine, potatoes and com in New Jersey, cotton 
and corn in Alabama, and potatoes, corn, Lima beans, snap beans, and 
cotton at the Arlington Experimental Farm. The results obtained with 
potatoes and corn in New Jersey by Blair and Brown ( 2 ) have been given 
in a previous publication and a report of the work conducted by Brown ( 3 ) 
with potatoes in Maine has recently appeared. 

In the present article the results obtained with cotton at Arlington 
Experimental Farm, Va., and at Muscle Shoals, Ala., are presented. 
The plan of the experiment involved the use of a fertilizer analyzing 
4 per cent NH S , 8 per cent P 2 0 5 , and 4 per cent K 2 0 , which was applied 
to cotton at the rate of 1,000 pounds per acre. This fertilizer was made 
from acid phosphate, muriate of potash, sodium nitrate, ammonium 
sulphate,, and cottonseed meal. The fertilizer free from borax served 
as a control Borax was mixed with this fertilizer in such propor¬ 
tions as to make the applications of anhydrous borax 5, 10, and 20 


1 Accepted for publication Aug, 24, 1921. 

* Reference is made by number (italic) to ‘'Literature cited,” p. 443. 
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pounds per acre. In order to determine the effect of the rainfall and 
weather conditions on the action of the borax, the experiment was 
repeated at both places several times. The first application and plant¬ 
ing were made early in June, and again at intervals of about a week. 
Six of these tests were made at Arlington and six at Muscle Shoals. It 
was realized that cotton planted at as late a date as this would not fully 
mature in either locality, but it was considered desirable to have some 
information concerning lie action of borax on this crop, although the 
season was already advanced. The injury by borax has been shown to 
be -principally to the young plant and in the early period of its growth. 
The experiments were therefore undertaken, and the effects on germina¬ 
tion, on growth, and on boll formation were noted and recorded. 

RESULTS OBTAINED AT ARLINGTON, VA. 

The experiments conducted on the Arlington Experimental Farm were 
on a rich,silty loam soil, admirably suited for truck and general farm 
crops. The land is level and uniform and is tile drained. 

The plan of the experiments involved the application of the fertilizers 
in the seed drill and by broadcasting; also the planting of the seed im¬ 
mediately after applying the fertilizers as well as after an interval of a 
week. A single row 132 feet long was used for each treatment. To 
one-third of the row, 44 feet, the fertilizer was applied in the drill and 
the seed was planted one week later. This is shown in section 1 of 
Table I* In section 2, which is the second 44-foot length, the fertilizers 
were applied in the drill as in section 1, and the seed was planted im¬ 
mediately. On the third section of the row the fertilizers were sown 
broadcast and the seed was planted immediately. Where the fertilizer 
was put in the drill it was mixed with the soil by raking with a hoe and 
was covered with an inch or two of dirt before the seeds were planted. 
In the broadcasted section the area was raked to mix the fertilizers. 
Each treatment, or plot, covered an area of 1/270 acre. The cotton 
was thinned to 45 hills per plot and two plants in each hill. Fertilizer 
analyzing 4 per cent NH 3 , 8 per cent P 2 0 5 , and 4 per cent K 2 0 , was used 
and applied at the rate of i,ooo pounds per acre. In one row the fer¬ 
tilizer without borax was used as a control; in the second- row the fer¬ 
tilizer containing borax in sufficient quantity to apply 5 pounds of 
anhydrous borax per acre was used; and in the third row the fertilizer 
contained sufficient borax to add 10 pounds per acre. In some of the 
tests 20 pounds of borax per acre were used. In order to determine the 
influence of weather conditions on the effect of borax on cotton, the 
experiments were repeated six times; the first series (A) was begun on 
June 2, the second (B) on June 9, the third (C) on June 18, the fourth 
(D) on July 7, the fifth (E) on July 15, and the sixth (F) on August 3. 
Notes were taken during the summer, and the plants in each plot were 
measured for height when several weeks old. This was done by meas¬ 
uring a large number of plants and taking the average. A record of the 
number of bolls and squares that formed was made. The plants were 
cut on October 1 and the green weights were taken and recorded. The 
complete data are given in Table I. 
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cs The measurements were made in experiments A and B, sections a and 3. on July 37; in section x, August 3; in experiment C, sections 2 and 3, on August 3; and in section 1, on 
August jo. 


























































































436 


Journal of Agricultural Research voi. xxin, No. s 


An examination, of the data given in Table I shows generally that the 
growth of the cotton was checked and the fruiting decreased by the 
borax. The degree of injury, however, varies with the different plant¬ 
ings and with the different methods of applying the fertilizers. The 
germination was rather irregular where 20 pounds of borax were applied, 
and when the cotton was young some died in spots. Ten pounds had a 
decided effect on the color of the foliage in each experiment. Where 
borax was used the foliage was much lighter green. 

EFFECT UNDER DIFFERENT METHODS OF APPLYING FERTILIZERS 

In section 3, where the fertilizers were sown broadcast and 5 pounds 
of borax applied per acre, no injury was observed in series A, B, and C y 
and only a- slight reduction in growth in series D, E, and F. There 
was only „ a slight reduction in the fruiting of the plants. With 10 
pounds of borax there was a decided decrease in growth and in the 
number of bolls formed. The degree of harmfulness produced by borax 
in the different plantings is noticeable. It is probably due to weather 
conditions to be considered later. Where 20 pounds of borax were used 
there was a decided harmful effect. In series C, D, E, and F there was a 
reduction in growth of 22, 35.2, 14.3, and 23.5 per cent, respectively, 
and a reduction in boll formation of 10.2, 36, and 11 per cent in series C, 
D, and E, respectively. In section 2, where the fertilizers were applied 
in the drill and the seed was planted immediately afterwards, the harm¬ 
fulness of borax when 10 or 20 pounds per acre were used was marked. 
The growth was checked more in section 2 than where the fertilizers were 
sown broadcast. Five pounds per acre reduced growth considerably in 
series E and F. In section 1, where the planting was not made until 
one week after the-fertilizers were applied and where in each case a rain 
intervened, the harmfulness of the borax is considerably less than in 
sections 2 and 3, except in series D and E. To judge from the data as a 
whole, it can hardly be concluded that 10 pounds were harmful when 
applied as in this section of the experiments. 

A record of the height of the plants made when the crop was young 
shows that the growth was checked in the very beginning by the borax. 
In plate 1, A, is shown the effect of borax on the young plants in series A, 
In the foreground the seed was planted in the drill immediately after 
applying the fertilizer, and in the back half of the row the fertilizers were 
sown broadcast. The broken stand is readily discernible in the row 
receiving 10 pounds of borax. The cotton had not been thinned to a 
stand when the photograph was made. The young plants died in spots 
soon after emerging to the surface. In plate 1, B, the surviving plants 
are shown after having made considerable growth. It is seen here that 
the xo-potmd borax row is much smaller than the control and the 5- 
pound borox row. In plate 2, A, is shown the cotton in series D. Here 
the broken stand in the last row, which has 20 pounds of borax, is shown. 

INFLUENCE OF RAINFALL 

In order to study the influence of rainfall on the effect of borax on 
the crop, the weekly record of the rainfall together with the maximum 
and minimum temperature at the Arlington Experimental Farm during 
the period of the experiments is given in Table II. 



Feb. iq, 1923 


Influence of Fertilizers Containing Borax on Cotton 437 


Table II .—Temperature and rainfall at Arlington Farm , Va., June to September , IQ20 


Week of— 

Rain¬ 

fall. 

Temperature. 

Week of— 

Rain¬ 

fall. 

■ 

T emperature. 

Maxi¬ 

mum. 

Mini- 1 
mum. | 

Maxi¬ 

mum 

Mini¬ 

mum, 


Inches. 

0 F. 

0 F. 


Inches. 

°F. 

0 F 

May .30 to June 4... 

I. 19 

go 

47 ! 

Aug. 1 to 7. 

0. 71 

87 

53 

June 6 to 12. 

I. 08 

95 

51 i 

Aug. 8 to 14. 

I, 13 

92 

66 

June 13 to 19. 


93 

57 

Aug. 15 to 21. 

; 2 -57 ! 

91 

66 

June 20 to 26.. 

1. 68 

84 


Aug. 22 to 2S. 

.29 

8S 

62 

June 27 to July 3 . .. 

1.961 

94 

57 : 

Aug. 29 to Sept. 4... 

. 11 

QO 

48 

July 4 to 10. 

1 .62 

89 

55 . i 

Sept. 5 to 11... 

2.01 

84 

52 

July 11 to 17. 

. 41 

01 ; 

6 7 1 

Sept. 12 to 18. 

. 01 

87 

45 

July 18 to 24. i 

1. 19 

y 

95 

O ! 

59 ' 

Sept. 19 to 25. 

! • °3 

QO 

, 44 

July 251031. j 

.80 

! 

92 ; 

53 ! 

i 

Sept. 26 to Oct. 2 . . . 

; x *43 

88 

55 

! 


Comparing the rainfall record at or about the time the fertilizers were 
applied in the various experiments, it is seen that the moisture conditions 
were about optimum when and after the plantings were made in series 
A, B, and C. The rainfall, however, was very light during the weeks 
of July 4 and July 11 and was again light the weeks of July 25 and Au¬ 
gust 1. The effect of the borax in experiments D and E, which were 
planted in the period of dry weather, is more severe than in the experi¬ 
ments which were planted when the moisture was normal. For example, 
in section 1, 20 pounds of borax per acre reduced the growth 9.7 per cent 
in series C, 47.5 per cent in series D, and 19.2 per cent in series E. " In 
section 2, the growth was reduced in series C 29 per cent; in D 35.5 per 
cent, and in E 36 per cent. In section 3, the growth was reduced 22 
per cent in series C, 35.2 per cent in D, and 14.3 per cent in E. The 
formation of bolls was also reduced more in series D and E than in C. 
A few days after the plantings were made in the latter experiments a 
light rain fell, which was followed by a dry period. While the plants 
were young in the earlier experiments there were occasional heavy rains, 
and at no time did the soil become very dry. It is not probable that 
a rainfall of 1.08 to 1.68 inches in one week distributed over a period 
of several days would wash very much borax out of the reach of the 
roots of the cotton. However, it would result in the diffusion of the 
borax through the soil, and this diffusion could undoubtedly account 
for the lesser degree of injury in series A, B, and C. Under the rainfall 
conditions of series D and E, the borax was concentrated in locations 
surrounding the roots of the young plants and would naturally cause 
a more severe injury and a greater retardation of growth. 

The data as a whole show that the effect of borax on cotton under 
the weather conditions prevailing at the time of this test is decidedly 
harmful when .20 pounds per acre are applied in the drill or sown broad¬ 
cast. This quantity showed harmful effects whether the seed was planted 
immediately after the fertilizers were applied or after the intervening 
of a light rain. When applied in the drill, 10 pounds per acre checked 
growth decidedly, but were only slightly harmful when, sown broadcast., 
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RESULTS OBTAINED AT MUSCLE SHOALS, ALA. 

PLANTINGS ON CLARKVILLE LOAM 

The experiments at Muscle Shoals were made on soil of Clarkville 
loam, located on a gentle slope, and well drained. The soil is fairly 
retentive of moisture and does not become compact. The plan of the 
experiments differed somewhat from that at the Arlington Experimental 
Farm in that the fertilizer was applied only in the drill and the seed was 
planted immediately as in section 2 of the Arlington tests. The 4-8-4 
fertilizer was used at the same rate of application (1,000 pounds), and 
borax was used so as to apply 5, 10, and 20 pounds of anhydrous borax 
per acre. Two controls in which no fertilizer was used were added. 
One row 100 feet long was used for each treatment, which makes each 
plot approximately 1/110 acre. The test was repeated six times. The 
first was started June 12 and the others followed at intervals of about 
one week. The separate plantings are designated as series A, B f C, B, 
E, and F. Cleveland Big Boll cotton was used. 

In Table Ill are given the data for this set of plots, including the 
height of the cotton plants at intervals during growth, the number of 
bolls which formed, and the green and dry weights of the plants, including 
the roots. 

Table III .—Effect of borax in fertilizers on the growth of cotton , on Clarkville loam at 
Muscle Shoals, Ala., in 1Q2Q 


Experiment series, date of 
starting, and Quantity of 
borax applied per acre. 


Series A, June 12: 
No fertilizer. . 

No borax. 

5 pounds. 

10 pounds. .. 
20 pounds.... 
Series B, June 19: 
No borax. 

5 pounds.... 
10 pounds... . 
20 pounds... . 
Series C, June 26: 
No borax.... 
5 pounds... . 
10 pounds. .. 
20 pounds ... 
Series D, July 3: 
No borax.... 
5 pounds.., . 
10 pounds. .. 
20 pounds,.,. 
Series E„ July n; 
No borax.... 
5 pounds.... 
xo pounds... 
20 pounds. ,. 
Series F, July 20: 
No fertilizer. 
No borax. .,. 
5 pounds.. 
id pounds..,. 
20 pounds. .. 


Average height of plants. 

Bolls on 
Oct. 26. 

Green 
weight of 
plants. 

Increase or 
decrease. 

Dry 

weight of 
plants. 

July 2S. 

Aug. 20. 

Oct. iS. 

Inches. 

I nckes, 

Inches. 

Number. 

Pounds. 

Per cent. 

Pounds. 


12. $ 

28.8 

237 

31 


20 

12. 9 

25-3 

45*5 

667 

93 


3 d 

9 * 0 

21. 8 

44*4 

583 

86 

- 7.6 

33K 

7 -i 

17-3 

42. X 

456 

8S 

” 9*4 

32 

4.9 

13. 2 

32.6 

242 

44 

- 5 2 *7 

^5 

22. 0 

28.6 

50.0 

716 

104 


40 

10. 5 

25-7 

43-3 

5*>3 

84 

— 19. 2 

34X 

8.0 

24.1 

43 *o 

576 

78 

-25.0 

3 iK 

6.9 

15.6 

39 * 1 

383 

63 

- 39*4 

25 

9.4 

18.1 

45*2 

337 

86 


34 

6.3 

15.1 

40.5 

220 

78 

“ 9*3 

*8# 

6.9 

12.9 

39*9 

224 

75 

— 12. 8 

26 

5 -o 

9.6 

3 i *5 

97 

43 

0 

d 

'O 

I 

T 5 

6 . 2 

16.1 

! 42.2 | 

XX2 

63. 1 


25K 

5-2 

15.x 

41*6 

94 

62 

— x. 6 

24 

4 - 1 

X2. 0 

32.9 

92 

59 

- 6.4 

23 

3*2 

7.2 

29*3 

53 

39 

-38.x 

r 3 


22. 3 

36.8 

ak 



T*rl 4 


«-5 

O 

33 * 7 

yj 

48 

OO 

5 < 5 # 

+ 2.7 

20 


I g *9 

3 i *3 

46 

5 °X 

— 8. 2 

20 


i ■ 8* 4 ' 

1 

26. X 

X 4 

38 

-31.0 

XI 


! 5 - 1 

0. < 

0 





1 10.0 

y 0 
28. 2 

5 1 

0/2 

46 % 


x 5 


i 8.9 

29. X 

; 7 1 

47 

4 * x.o 

iS 


! 8 ’J 

25*7 

4 ! 

41 

”ii -9 

xr 


| 7.^ 

22.4 

1 

35 

—24. 8 

8 
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Table IV records the weekly rainfall and temperatures at Florence, 
Ala., 2 miles from United States Nitrate Plant No. 2, so that the relation 
of rainfall to the degree of harmfulness of borax in the different series of 
the Muscle Shoals experiments may be correlated. 


TablS IV. —Temperature and rainfall at Florence, Ala., June to September, IQ 20 


Week of— 

Rain¬ 

fall. 

Temperature. 


Rain¬ 

fall. 

Temperature. 

Maxi¬ 

mum. 

Mini¬ 

mum. 

Week of— 

Maxi¬ 

mum. 

Mini¬ 

mum. 


Inches . 

0 F. 

•F. ! 


Inches. 

°F. 

°F. 

Tune 6 to 12... 

0 

97 

53 ! 

August 1 to 7. 

0 

94 

60 

June 13 to 19. 

•52 

98 

63 

August 8 to 14. 

5.10 

90 

66 

Tune 20 to 26. 


9 2 

561 

August 15 to 21. 

4.46 

91 

64 

June 27 to July 3. .. 

.08 

93 

6x 

i August 22 to 28. 

• 59 

9 1 

56 

July 4 to 10. 

.76 

94 

62 

August 29 to Septem¬ 

! 



July 1 r to 17... 

. 08 

Q-2 

61 \ 

ber 4. 

. 42 

06 

61 

July 18 to 24. 

x. 50 

98 i 

63 \ 

September 5 to xi... 

2. 17 

93 

55 

July 251031. 

. 06 

95 j 

571 

September 12 to 18. . 


93 

55 





September 19 to 25. . 

•54 

92 

55 



! 

1 


September 26 to Oc¬ 








tober 2. 

0 

92 

37 


From the results of series A it will be observed that 5 pounds of borax 
per acre produced some injury to cotton when applied in the row. 
Larger quantities showed even greater toxic effects. From the figures 
showing the average height of plants it will be seen that the injury was 
the greatest when the plants were small. A marked recovery followed, 
but the initial retarding was not entirely overcome. The green weight 
of plants was decreased 7.6 per cent by 5 pounds of borax per acre and 
52.7 per cent by 20 pounds. The boll formation was decreased in about 
the same proportion or to an even greater extent, and in addition ma¬ 
turity was delayed. The cotton in series A was planted when the soil 
was too dry to germinate the seed. On June 18 a light shower fell, ap¬ 
proximately 0.34 of an inch, which was sufficient to cause germination, 
and for three weeks following but little rain fell. As seen in Table IV, 
0.52 of an inch of rain fell the week of June 13, 0.58 of an inch the week 
of June 20, and 0.08 of an inch the week of June 27. The season for the 
three weeks following the planting of the cotton in series A was rather 
dry. 

The cotton in series B was planted just subsequent to a light shower 
and germinated in minimum time. The rainfall during the early period 
of growth was rather light. In the first week after planting 0.5S of an 
inch of rain fell, the second week 0.08 of an inch, and the third week 
0.76 inch. The growth was about the same as in series A, except, that 
in series B, 5 pounds of borax caused a relatively greater injury and 20 
pounds less injury than in series A. The same general tendency pre¬ 
vailed, however, and the same visible effects on the young plants were 
in evidence. The retarding effects of the borax continued throughout 
the growing season. 

At the time of planting series C the soil was very moist, but for more 
than a week after planting no rain fell and the soil became very dry. In 
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the second week after planting 0.76 of an inch of rain fell, which thor¬ 
oughly moistened the ground. The amount of injury produced by the 
different quantities of borax corresponded very closely to the results in 
series B. 

The planting of series D was made when the soil was. very dry, and 
the seed did not germinate immediately. A good rain occurred about 
one week later, and about 0.76 of an inch fell; the following week there 
was 0.9S of an inch precipitation, and the third week 1.5 inches. After 
the germination of the seed there was more rainfall, and the soil was con¬ 
sequently more moist than when the cotton was young in the plots 
planted earlier. The injuries attributable to the borax were scarcely as 
extensive in this series as on the plots planted earlier, but they were in 
the same order. In series B 5 pounds of borax reduced the green weight 
1.6 per cent, 10 pounds 6.4 per cent, and 20 pounds 38.1 per cent. In 
series C the reduction was, respectively, 9.3, 12,8, and 50 per cent; in 
series B, 19.2, 25, and 39.4 per cent; and in A, 7.6, 9.4, and 52.7 per cent. 

In series E the cotton was planted when the soil was moist and in # 
good tilth. Several days after planting 0.98 of an inch of rain fell, which 
was followed by a period of one week without rain. This period was fol¬ 
lowed by several days of rain, and, as seen in Table IV, during the week 
beginning July 18 1.5 inches of rain fell. The toxic effects were not as 
marked as on the plots planted earlier. There was a slight stimulation 
where 5 pounds of borax per acre were used, 10 pounds reduced the 
growth 2.7 per cent, and 20 pounds 31 per cent. 

Series F was planted very late, and growth continued only about two 
months. The data are given in the table, however, and it will be seen 
that the effects of the borax were of about the same magnitude as in 
series B. 

In Plate 3 the effect of borax is shown on the cotton in series A, planted 
June 12. The views shown at A, B, and C were photographed on July 
29, August 8, and September 18, respectively, the last date being shortly 
before the plants were cut and weighed. Plate 3, A, was photographed 
before the cotton was thinned; the unbroken stand and uneven appear¬ 
ance of the’row receiving 20 pounds of borax per acre is shown. 

In Plate 4, A and B, are shown the effects of borax in series D. View A 
of Plate 4 was photographed on August 23 and B on September 18. In 
Plate 4C, the cotton in series F is shown. 

PLANTINGS ON COLBERT SILT LOAM 

Other experiments with cotton were begun at Muscle Shoals, Ala., simi¬ 
lar to those at Arlington Farm, Va., and to those in New Jersey with 
potatoes and corn. These included immediate planting of seed after 
applying fertilizer, delayed. planting, and broadcasting. The quantities 
of borax used varied from 1 to 400 pounds per acre. Two rows 70 feet 
long were used for each treatment on the Colbert silt loam, which is a 
heavier soil than the Clarkville loam. The fertilizers were applied on 
May 10. The rainfall, for the month prior to starting the experiments, 
and for a like period afterwards, was exceedingly heavy. The soil 
became very compact from the excessive rains, resulting in a very poor 
.stand over the entire area. The experiments were continued, however, 
in order to observe the effects of the borax; but a harvest was not made, 
as the broken stand appeared to njake it useless. 



Feb. io, 1923 Influence of Fertilizers Containing Borax on Cotton 441 


Borax caused the greatest injury to cotton in the early stages, either 
preventing germination or in lesser amounts merely retarding growth and 
preventing chlorophyll formation. A record of observations made three 
weeks after planting is given in Table V. 

Table V.— Effect of varying quantities of borax on ike growth of cotton on Colbert silt 
loam at Muscle Shoals , Ala., in IQ20 

[Observations were made three weeks after planting.] 


Quantity of 


Fertilizers applied on May io. 

borax applied 
per acre. 

Sec. 1 .— In the row and seed 
planted io days later. 

See. 2.—In the rt>w and seed 
planted immediately. 

Sec. 3.—Broadcast and seed 
planted immediately. 

No borax.... 
1 pound. 

Normal. 

Normal. 

Normal. 

2 pounds.... 

.....do. 

.do.... 

Do. 

3 pounds 

. . do... . 

.do..... 

Do. 

No borax.... 



4 pounds.... 
3 pounds. 

Normal. 

Normal. 

Do. 

.... do ..... . 

.do. 

Do. 

10 pounds .. 

. .. do. 

.do. 

Do. 

No borax.... 



20 pounds... 
30 pounds.. 

$o pounds... j 

1 

No borax. 

Slight retarding. 

Slight injury. 

Slight retarding. 

Do. 

Somewhat stunted. 

Somewhat stunted- 

Germination low; 
plants show yeilow- 

! 

Plants small; many 
dying. 

Germination low; 
plants dying. 

too pounds, .' 

200 pounds.. 

400 pounds.. 

No borax. . . . 

1 Germination about 50 
i per cent; plants dy- 
1 ing. 

1 Only an occasional 
i seed germinated ; 

plants about dead. 

! No germination. 

Only an occasional 
seed germinated; 
plants, dying. 

Seven seeds germi- j 
nated; plants about i 
dead. 

No germination. 

Germination decreased 
! and plants dying. 

Germination decreased 
about 70 per cent; 
most plants dead. 

■ Twelve seeds germi¬ 
nated and plants 
died. 







The quantity of borax required to produce a noticeable injury to cotton 
receiving fertilizer in the row was 20 pounds. To lower germination 
appreciably and cause the death of any very large percentage of the 
plants 50 pounds were necessary. Where the fertilizer was used in the 
row and planting was delayed for 10 days the injuries seemed to be 
decreased about 50 to 75 per cent. Distributing the fertilizer broadcast, 
as in section 3, decreased the effects as much or possibly slightly more 
than delaying planting. It is shown that any method of use which 
decreased the concentration of the borax around the plant roots markedly 
decreases the injuries. 

During the 10 da}^s preceding the planting, May 1 to 10, 2.06 inches 
rain fell, and for the 10-day period following the planting 3.34 inches 
rain fell. On the second day after planting 1.6 inches precipitation 
occurred, which was followed by light showers for several days. On the 
seventh day after planting there was a rainfall of 1.56 inches. The total 
rainfall for the month was 5.70 inches* 
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Even with this heavy rainfall there was unquestionable injury from 
the borax with 30 pounds per acre. With 50 pounds per acre germina¬ 
tion was low when the fertilizer was put in the drill and seed planted 
immediately, and many of the plants died after germinating. When 
the fertilizer was sown broadcast the plants were stunted. With 100 
pounds and over per acre there was practically no germination. The 
section of the field where 100, 200, and 400 pounds of borax per acre 
were used is shown in Plate 2, B. 

SUMMARY 

Experiments were made to test the effect of borax in fertilizers on 
cotton at Arlington Farm, Va., and at Muscle Shoals, Ala. The soil at 
Arlington Farm is a productive .silt loam suitable for truck and general 
farm crops. The soils on which the experiments were located at Muscle 
Shoals were the Clarkville loam and the Colbert silt loam. Borax was 
mixed with fertilizers and applied so as to add 5, 10, and 20 pounds of 
anhydrous borax per acre in two of the experiments. In a third test the 
quantities varied from 1 to 400 pounds per acre. 

At Arlington Farm and Muscle Shoals borax in small quantities was 
injurious to the young plants. 

On the silt loam at Arlington Farm, when the fertilizer was applied 
broadcast, 5 pounds of borax per acre were not always injurious, 10 
pounds were slightly injurious, and 20 pounds were distinctly so. Appli¬ 
cation of 20 pounds reduced the weight of the green plants in the various 
experiments from 15 to 35 per cent. When the fertilizer was applied 
in the drill and seed planted immediately, 5 pounds was slightly harmful, 
10 pounds was distinctly injurious, and 20 pounds caused severe injury, 
especially on germination and early growth. When the fertilizer was 
applied and allowed to stand until after a rain before the seed were planted, 
the effect was less severe. 

On the Clarksville loam at Muscle Shoals a somewhat similar result 
was obtained. In one of the experiments, 5 pounds of borax applied 
in the drill with the fertilizer decreased the green weight of the plants 
5.7 per cent, 10 pounds decreased the weight 12 per cent, and 20 pounds 
decreased it 39 per cent. The injuries to early growth were much more 
marked than these figures would indicate. 

The influence of rainfall was noted. While the season was a normal 
one from June, the rainfall materially influenced the effect of the borax. 
Wherever a light rainfall occurred soon after planting and was followed 
by a dry period the effect was severest. If heavy showers followed 
periodically after planting the effect was less severe. 

In an experiment started in the early spring on the Colbert loam at 
Muscle Shoals where the rainfall was very heavy for 10 days after plant¬ 
ing, germination was materially affected where the fertilizers were 
applied broadcast by 100 pounds of borax per acre, and no germination 
took place with 200 pounds per acre. Where the fertilizers were, put in 
the row, germination was materially affected by 50 pounds per acre and 
was prevented entirely by 100 pounds. 
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PLATE i 


Effect of borax on cotton in experiment-A at the Arlington Experimental Farm. 

A. —o, no borax; 5, 5 pounds per acre; 10, 10 pounds per acre. Photographed July 
xo, 38 days after planting. 

B. —Experiment A, five weeks later. Photographed August 17, 75 days after 
planting. 
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PLATE 3 


Effect of borax on growth and germination of cotton. 

A. —Effect on cotton at the Arlington Experimental Farm in experiment C: o, no 
borax; 5, 5 pounds per acre; 10, 10 pounds per acre; 20, 20 pounds per acre. Photo- 
graphed 43 days after planting. 

B. —Prevention of germination of cotton by 100, 200, and 400 pounds of borax per 
acre. The bare rows show where these large quantities of borax were used. 



PLATE 3 

Effect of borax on cotton in Section A in the Clarksville loam at Muscle Shoals, 
Ala. o, no borax; 5, 5 pounds per acre; 10, 10 pounds per acre; 20, 20 pounds per 
acre. 

A. —Photographed July 29, 47 days after planting. 

B. —Photographed August 26, 74 days after planting. 

C. —Photographed September 18, 96 days after planting. 
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PLATE 4 


Effect of borax on cotton on Clarksville loam in Sections D and F. o, no borax 
$, 5 pounds per acre; ic, io pounds per acre; 20, 20 pounds per acre. 

A. —Cotton in Section D. Photographed August 23, 50 days after planting. 

B. —Cotton in Section D. Photographed September 18, 75 days after planting. 

C. —Cotton in Section F. Photographed September 18, 58 days after planting. 




GENETICS OF BUNT RESISTANCE IN WHEAT 1 

By E. F. Gainbs 

Cerealisi in Farm Crops, Washington Agricultural Experiment Station, and Agent , 

Office of Cereal Investigations, Bureau of Plant Industry, United States Department 

of Agriculture 

INTRODUCTION 

The losses due to bunt, Tilletia tritici (Bjerk.) Wint., in the Pacific 
Northwest have been steadily increasing for the past 25 years, not¬ 
withstanding the most earnest efforts on the part of scientists and farmers 
to reduce them. The seed has practically always been treated with 
blue vitriol or formaldehyde, but in spite of every precaution the winter 
wheat often contains from xo to 50 per cent of bunted heads at har¬ 
vest time, apparently due to soil infection from wind-bome spores. 
In the State of Washington alone the most conservative estimates place 
the losses at more than x ,000,000 bushels of wheat annually. The 
bunt problem has caused, and is causing, more interest and anxiety 
than any other of like nature through the winter wheat districts. Spring- 
sown wheat seldom produces a bunted crop if the seed has been care¬ 
fully disinfected, the spores in the soil having perished during the winter. 

The work has been closely linked with the other cereal and patholo¬ 
gical investigations at the Washington Agricultural Experiment Station, 
and many friends and coworkers have contributed to the material in 
hand. Acknowledgment is here made to the various members of the 
staffs of the Washington Station and the Office of Cereal Investigations, 
Bureau of Plant Industry, United States Department of Agriculture, 
for their ever-ready help and enthusiasm; to E. M. East for helpful 
suggestions and criticism of the manuscript, and also to H. B. Humphrey, 
H. M. Woolman, E. G. Schafer, and F. D. Heald for suggestions and 
corrections in the presentation of the subject matter. 

When the writer became assistant cerealist of the Washington Agri¬ 
cultural Station in 19x1, many inquiries were coming in from farmers 
concerning control measures for bunt in winter wheat. The limita¬ 
tions of seed treatment were well known, and soil sterilization seemed 
impracticable under the extensive system of wheat raising on the great 
farms of the winter-wheat belt. The possibility of obtaining or develop¬ 
ing a strain that would resist the attacks of the fungus and at the same 
time fulfill the requirements of winter hardiness, prolificacy, milling 
quality, etc., seemed the most promising solution of the problem. 
Accordingly hundreds of varieties from the principal wheat districts of 
the world have been introduced and many hybrids have been made in 
an attempt to find or develop such a wheat. Preliminary reports 
(13, 14) 2 of this work have already been published. 

The following paper deals with that part of the investigation con¬ 
cerning the comparative resistance of different wheats and the inheri¬ 
tance of the factors that cause resistance, as expressed in the hybrid 
segregates of succeeding generations. 

* Accepted for publication August 31,1921. Submitted to the faculty of the Bussey Institution of Harvard 
University in partial fulfillment of the requirements for the degree of doctor of science, April 29, 1921 . 
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resistance phenomena in general 

RELATIONSHIPS AND RESPONSES OP HOST AND PARASITE 

It has long been known that plants and animals vary greatly in their 
susceptibility to disease, and that the causal organisms are’more or less 
restricted in their choice of host. This variation may be attributable to 
the Inability of the causal organism to set up a pathogenic relationship 
with the host or to its inability to function after having established such , 
relationship. Failure to infect may be due to an incompatible optimum 
of temperature, moisture, light, or nutrient materials. These factors may 
also provide the physiological basis for failure to function after infection 
has taken place. In addition, the outer coat may offer a mechanical 
obstruction. Thus, the bark of trees, the seed coats of grain, and the 
skins of animals offer a powerful protection against invading organisms 
which gain a ready access if injury occurs. However, a great majority of 
the pathogens that have been studied experimentally seem to have less 
difficulty in gaining entrance to closely related resistant forms than in 
continuing that existence after having gained entrance. Thus in Marryat’s 
experiments (32) infection by yellow or stripe rust [Puccinia glumarum 
(Schm.) Erikss. and Henn.] occurred with equal readiness through the 
stomata of resistant and susceptible wheats. The susceptible Michigan 
Bronze wheat seemed to nurture the infection tubes and hyphae, the 
cells accepted the haustoria without shrinking, and normal spores were 
soon produced. Hyphae never seemed to flourish in the resistant Einkora, 
but appeared stunted and watery and seldom produced haustoria. They 
soon died, but in dying they killed the host cells with which they came 
In contact—appearing to be mutually toxic. The American Club, Inter¬ 
mediate in resistance, sometimes killed the fungus without reducing the 
vigor of the host cells, but in other places the hyphae were found flourish¬ 
ing while the host cells seemed to be dying. When spores did develop 
there was not enough force to break the epidermis. Apparently resist¬ 
ance in this case was produced by antitoxins furnished by the host and 
toxins furnished by the parasite. Ward (60), also working on the 
histology of resistance, showed that size of stomata, hairs, or comparative 
leaf surface had no influence whatever on the susceptibility of different 
bromes to brown rust, Puccinia dispersa Erikss. and Henn. After 
treating a mass of data statistically he drew the following conclusions: 

Resistance—is not to be referred to observable anatomical or structural peculiarities 
but to internal, i. e., intraprotoplasmic, properties beyond the reach of the microscope, 
and similar In their nature to those which bring about the essential differences be¬ 
tween species and varieties themselves. 

This was in 1902. Since then a great mass of experimental work in 
plant pathology, bacteriology, and medicine has added weight to his 
conclusions. For example, Stakman (45), who has done much work on 
the phenomena of resistance in cereals and grasses to the stemrust, 
Puccinia graminis Pers.* concludes from his histological study of hyphal 
invasion (to quote his summary): 

1. When plants practically immune to Puccinia graminis are inoculated, the fungus 
gains entrance in a perfectly normal manner. 

a. After entrance the fungus rapidly kills a limited number of the plants cells. 

3, The, fungus* after having .killed the host cells in its immediate vicinity, seems 
unable to develop further. 

4. The relations between plant and pasasite in partially resistant and almost wholly 
immune plants are different in degree only. 
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5. Hypersensitiveness of the host seems to be a common phenomenon not only 
among plants somewhat resistant to P. graminis but also among those almost totally 
immune to it. 

These conclusions point to the probability that resistant and sus¬ 
ceptible plants differ in the chemical composition of their cell walls or 
protoplasm or both. Valuable information might be gained along these 
lines by such investigations as the recent work of Rumbold (45) and 
Thiel and Weiss (55). Rumbold killed Chestnut trees by injecting an 
extract of the cankerous tissue caused by the chestnut-blight fungus 
[Rndoihia parasitica (Muir.) P. J. and H. W. Anderson] into the trunks of 
healthy trees. Extracts from healthy tissue produced no effect. 

Thiel and Weiss were able to germinate teliospores of Puccinia graminis 
iriiici Erikss. and Henn. in midwinter by soaking them 15 minutes in 1 
per cent citric acid, although untreated spores would not germinate at 
all until spring. Other acids, lipoid solvents, and sodium hydroxid were 
ineffective. Prom this it would seem that the acid had acted as a 
specific activator through the cell wall on the protoplasm. Susceptible 
hosts may contain similar activators which stimulate the metabolism 
of the parasite. 

The delicate chemotactic balance between host and parasite as an ex¬ 
planation of the differing degrees of resistance finds support in the in¬ 
vestigations of Spinks (44) who found that nitrates, and especially lead 
and zinc nitrate, increased the susceptibility of wheat and barley to 
mildew and rust. Furthermore, potash and lithium salts decreased sus¬ 
ceptibility; but resistant varieties maintained their relative resistance 
under either condition. 

Prom this it is logical to assume that species or races which vary in 
their resistance to disease-causing organisms when growing under iden¬ 
tical environmental conditions do so because of their physical and 
chemical individualism. If this be true, then the complex of causes 
responsible for resistance and immunity in plants is very similar to, if 
not identical with, those producing resistance and immunity in animals. 

The classic researches the last 25 years in the antitoxin laboratories 
have shown that susceptibility to disease is caused by the physico¬ 
chemical reactions of poisons, toxins, ptomains, etc., produced by the 
causal organism in the various tissues of the host. In acquired immunity 
the host cells have the power to develop counteracting chemicals which 
neutralize the harmful substances produced by the pathogens. In 
natural immunity either the counteracting chemicals are already pre¬ 
sent, the temperature, light, food, etc., are not optimum for the patho- 
gene, or else the composition of the protoplasm of the host is such that 
no chemical reaction takes place. An illustration of the latter condition 
is described by Zinsser (62) regarding tetanus from the work of Blu- 
menthal (6, p. 183 ). As is well known, the central nervous system is 
the special point of attack for tetanus poison, and Blumenthal found that 
tetanus toxin was neutralized by the brain tissue of susceptible animals, 
but the brain tissue of resistant animals like the chicken had little or 
no neutralizing power. The frog is also immune to tetanus under normal 
conditions. When the toxin is injected, the body temperature being too 
low to allow the combination between toxin and nervous tissue to take 
place, no tetanus results. If, however, the frog is placed in a tank of 
warm water and kept at the normal temperature of the human body it 
succumbs to the effects of the toxin. Clearly chickens and, frogs are 
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resistant to tetanus for very different reasons. The first, because of the 
different chemical compositions of the brain; the second, because of 
physical incompatability to the parasite. 

Zinsser in discussing nonheritable natural immunity, says; 

The individual differences in resistance which unquestionably exist among mem¬ 
bers of the same species and races are very difficult to explain, but, as far as we can 
tell anything about them at all, they seem to depend upon variation in what is 
popularly spoken of as “ general condition. ” 

This indicates that the counteracting chemicals are present in greater 
or less amounts even in organisms that readily succumb to a given dis¬ 
ease. Or, stating it in another way, the particular tissue to be attacked 
can suffer injury and recover if the host is well nourished and in an 
optimum environment for its existence. This phase of natural immu¬ 
nity leads directly into the phenomenon of acquired immunity. 

Injuries or wounds in plant and animal life not only stimulate repair 
but also growth and rejuvenescence. If the injury is sufficiently severe, 
or repeated often enough, the energy required to stimulate the affected 
part is too great a tax and the organism dies. Any factor which reduces 
the energy of the organism, such as fatigue, malnutrition, unfavorable 
temperature, etc., should reduce its resistance to disease, and this is 
what actually happens. 

In naturally acquired immunity, the injury caused by the toxin of 
the invading organism stimulates an overproduction of the material 
used up in neutralizing it, so that subsequently more and more of the 
toxin can be neutralized without fatal results. Similarly in induced 
immunity, the injection of increasing amounts of toxin can be borne 
owing to the preponderantly greater amounts of neutralizing substances 
elaborated. In immunization work, one of the standard methods is to 
inject sublethal doses of fully virulent organisms in order to stimulate 
this great overproduction of these counteracting chemicals, which are 
cast into the blood and neutralize the counteracting poison at once. Such 
immunized animals may or may not, depending upon the particular an¬ 
tigen or toxin, retain this immunity for life. 

Since the beginning of modern medical sceince it has been known 
that people having once recovered from such diseases as plague, cholera, 
smallpox, or yellow fever will not again during their lifetime contract 
it; but lasting immunity is not conferred by one attack of such diseases 
as pneumonia, tetanus, or influenza. In attempting to explain or 
make use of these phenomena a great branch of physiological chemistry 
has been developed. 

The most comprehensive attempt to explain the causes of immunity 
is that offered by Ehrlich (io), in which he conceives the cells of host 
and parasite as aggregations of complex molecules which are them¬ 
selves complex. Complex molecules react with one another through cer¬ 
tain of their side chains, but only when these side chains have a certain 
definite correspondence in structure. The reactions of immunity 
represent only a repitition of the processes of normal metabolism. A 
receptor is an outlying part (the chain) of the cell which is able to 
combine, by means of a so-called haptophorous group, with foreign 
(protein) molecules. The haptophorous group of the receptor is able 
to combine with a food molecule or with a toxin molecule. Such 
combination stimulates the cell to produce more receptors which, in 
the case of toxin combination, fbay result in over production, the 
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superfluous receptors becoming detached from the cell These are 
called amboceptors because they have two haptophorous groups, and 
in the immunizing process they act as links to bind the invading cells 
to the complements which are normally present and which, when so 
united to the foreign cells, are able to destroy them by means of a 
zymotoxic or toxophore group. The amboceptor with its complement 
constitutes a cytotoxin, hemolysin, or bacteriolysin. Other detached 
receptors act as antitoxins, as agglutinins, or as precipitins. Toxins 
have a haptophorous group by which they combine with antitoxins, 
and a toxophorous group to which their injurious effects are due. A 
toxin which has lost its toxophorous group, as by heating, is called a 
toxoid. A complement which has lost its zymotoxic group is a com- 
plementoid and an amboceptor that has lost one of its haptophorous 
groups is called an amboceptoid. The presence of a foreign cytotoxin 
leads to the presence of an anticytotoxin, which may act on the ambo¬ 
ceptor or on the complement. 

Whether Ehrlich’s or similar theories can be extended to account for 
all the complex phenomena of reistance and immunity in plants and 
animals remains for the future to decide. Like the hypotheses in physics 
and chemistry, it offers a shorthand method for explaning the facts. It. 
helps to make a clearer understanding of the phenomena of both natural 
and acquired resistance and immunity and also explains in a logical way 
the change in the virulency of organisms, in so far as there is any expla¬ 
nation at present. For example, as Walker (59, p. 34) has shown the 
pathogenic organisms themselves may be immunized against immune 
serums by cultivating them in media containing increasing portions of 
the immune serums. 

It is not too much to suppose, therefore, that pathogenic organisms 
themselves are subject to contagious diseases, suffer from malnutrition, 
and benefit by becoming acclimated, in response to the same laws that 
operate in higher organisms. Changes in virulency can probably be ex¬ 
plained as the interaction of these factors in the majority of cases; but 
the plasticity or heterozygous character of some forms offer the possi¬ 
bility of genetical change by selection. The brief time required for each 
generation in many of the lower forms and the large numbers produced 
would make this a quick and permanent method of adapting an organ¬ 
ism to its environment. Since, in general, the lower forms are more 
constant or stable than the higher forms, it is probable that such genetic 
change by selection is very limited. 

From the foregoing discussion it seems that disease-resistance pheno¬ 
mena in both plants and animals are due to the same general causes. 
The hosts of a given parasite may vary both morphologically and physi¬ 
ologically; and according to their physico-chemical complex react di¬ 
versely in their irritability and response to such factors as temperature, 
moisture, light, nutrition, and poison. The same organism will react 
differently to the same stimuli at different stages in its development. 
In so far as the subject has been studied, the parasite or disease-causing 
organism seems to vary also, and according to the same laws that govern 
the host. Added to this, the host is changed within certain limits, chemi¬ 
cally, by its food supply and other external stimuli, such as other dis¬ 
eases or mechanical injury. The parasite probably has its diseases and 
is no doubt changed chemically by them and also by its changing food 
supply. In the delicate balance between these two organisms, host and 
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parasite, there is a physico-chemeial complex so intricate that it has 
thus far been impossible to comprehend or to analyze it in all its detail. 
Heritable resistance represents a permanent upsetting of this balance in 
favor of the host, caused by the variation in its physico-chemical complex. 

inheritance or resistance 

Acquired resistance and induced immunity, like other acquired 
' characters, have not been shown experimentally to be inherited in the 
ordinary sense of the term, but each generation must recover from a 
given disease or be vaccinated (or inoculated with the proper virus) in 
order to acquire immunity. Inherent or natural resistance is definitely 
passed on from generation to generation like morphological characters. 
When such a resistant race is crossed on a susceptible one, resistant and 
susceptible races may be isolated in subsequent generations, which show 
that the same laws of inheritance which control other characteristics are 
in operation in determining the causes of resistance. Biffn (a) , in Eng¬ 
land, found resistance to yellow rust Puccinia glumarum Erikss. and 
Henn. and resistance to mildew Erysiphe grammis DC. in barley to be a 
simple mendelian recessive. One of his resistant hybrid wheats has 
become of commercial importance and has retained its resistance at 
Cambridge for 16 generations. Nilsson-Ehle (34 ), in Sweden, corroborated 
Biffen’s findings as to the heritability of resistance to yellow rust, but in 
his crosses he obtained segregates more resistant and more susceptible 
than the parents, which he interpreted as being due to modifying multiple 
factors. Hayes, Parker, and Kurtzweil (15), in America, found the same 
phenomenon in connection with resistance to stemrust Puccinia graminis 
Pers. in wheat and in addition found linkage between resistance and 
certain durum and emmer-like characters. 

Other genera that have been studied genetically in regard to resistance 
to various diseases, in general show the same type of inheritance, 
McRostie (30) ,working with two independent strains of the bean anthrac- 
nose organism Colletotrichmn lindemuthiannm (Sacc. and Magn.) Bri. 
and Cav., showed resistance to anthracnose to be dominant to suscepti¬ 
bility. When a bean resistant to both strains was crossed on one sus¬ 
ceptible to both, a ratio of 9 resistant to 7 susceptible was obtained in the 
F 2 generation. Either strain alone gave the- expected 3 to 1 ratio. Later 
(jx) he gave additional data including 36 P 3 families which supported his 
earlier interpretation. In addition he reported rootrot (caused by 
Fusarium martii phaseoli Burk.,) and mosaic resistance in beans to be 
partially recessive. He interpreted his P 2 results according to the ratio 
9 susceptible to 7 resistant, which was supported by the performance of 
183 F 3 families for rootrot and 329 F s families for mosaic. Parker (39) 
published a preliminary report on the crownrust of oats, Puccinia lolii 
avenae McAlpine, in winch he concludes that resistance is recessive but 
was caused by multiple factors. Orton (56, 57) described the trans¬ 
ference of wilt resistance of the stock melon to the watermelon by crossing, 
and similarly, resistance to wilt and rootrot was transferred from the 
Iron eowpea to one of the Whippoorwill type. 

Among the farm crop plants that have attained commercial importance 
through their disease-resisting qualities, but which originated by 
selection or introduction, may be mentioned the following: 
r. Upland and Sea Island cotton resistant to wilt. (Webber.) 

2, Potatoes resistant to late blight and scab. (Jones and Stuart.) 
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' 3. Flax resistant to wilt. (Bolley.) 

4. Cantaloup resistant to leafblight. (Blinn.) 

5. Clover resistant to anthracnose. (Bain and Essary.) 

6. Durum wheat in the Dakotas (Carleton) and Kanred wheat in 
Kansas (Roberts) resistant to rust. 

7. Tobacco resistant to rootrot. (Johnson and Milton.) 

8.. Grape resistant to Phylloxera. (Viola and Ravaz.) 

A genetic analysis of the resistance of these crops after crossing them 
with susceptible races would be required to show the type of inheritance 
in each case. Such investigation would be more concise and the inter¬ 
pretation clearer if a standard method of inoculation were adopted and 
a quantitative rather than a qualitative measure of resistance were used, 
as is being done in rust resistant work with cereals (38). The analysis of 
the inheritance of rootrot in tobacco (21) should prove especially in- 
teresting because of the ease with which crosses are made and also on 
account of the amount of genetic work already done on tobacco. It is 
difficult to interpret much of the past work because inoculation was left 
to chance or natural agencies, which allowed part of the individuals to 
escape infection and the resulting segregates were arbitrarily classified 
as resistant or susceptible, when as a matter of fact every graduation 
from complete susceptibility to complete immunity occurred. In some 
cases (35) different stages in the life history of the organism apparently 
do not have the same infective power. 

Whether resistance of a given host against a given parasite will be 
maintained indefinitely in a given environment remains for the future to ^ 
decide. Resistance in certain crops {46) maybe only temporary. The 
resistance of the host might be apparently lost through the introduction of 
a new physiological race of the parasite to which it was susceptible. An 
example of such an occurrence is recorded by Levine and Stakman (25). 
They obtained a strain of stemrust from Oklahoma that could attack 
Kanred wheat although Kanred continued to be very resistant to the 
two common races of stemrust in Kansas. According to Evans (jj) 
Bobs Rust Proof wheat was resistant to stemrust at Pretoria, South 
Africa, but was badly attacked in the Low Country of the Transvaal. 
This may have been due to the change in environment or to the presence 
of a different biologic form of the fungus encountered in the Low Country. 
Evans also reported an extraordinary case in which the pathogenic 
properties of stemrust on wheat were increased nearly five fold by passing 
one generation of its existence on the P. generation of a cross between a 
resistant and a susceptible variety (Bobs X Wol Koran). Bobs normally 
produced one-fifth as many pustules as Wol Koran, but when infected 
with spores from the F x generation it produced one-third as many. In 
this case the F x generation had apparently acted as a “bridge” to per¬ 
manently increase the virulency of the rust and had also decreased the 
difference between the resistant and susceptible varieties. If this 
should prove to be a general rule, breeding for resistance would not only 
be without avail but would actually be a very dangerous practice on 
account of the danger of developing and spreading super-virulent cultures 
of the parasite. It is to be regretted that Evans did not grow an P $ 
generation of the host to see whether super-resistant segregates could be 
obtained. He worked with comparatively few plants in the greenhouse, 
and his results may have been due to some uncontrolled factor, for other 
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investigators have not been able to duplicate his results. Biffen (3) is 
positive that such “ bridging f * or increase in virulence did not occur among 
any of his many hybrids in England. Stakman and his associates (45-53) 
in America, after long and careful work with stemrust on its many hosts, 
have failed to find any indication of “bridging” or increased virulence of 
the parasite. They grew it on hybrids of resistant X susceptible wheat 
varieties from the F 1? P 2 , and P Q generations. They used different 
physiological races of the parasite and many species, including several 
genera of host material. In no case did they find an intermediary host 
that would increase the virulency of the rust. On the other hand, they 
found that the parasite became sickly when cultivated on a resistant 
host and often could not be maintained more than a few generations. 

According to Vavilov (58) “bridging species” are found in Puccinia 
Sympkyti Bromorum F. Mull. (M. Ward and Freeman), Rrysiphe graminis 
DC. living on Bromus (E. Salmon), in P. graminis forma sp. tritici (Free¬ 
man and Johnson), and Sphaerotheca Humuli on Alchemilla (Steiner). 
It will be noted that these few cases deal with relatively weakley special¬ 
ized fungi, when compared with the smuts, among which biologic races 
of different infecting power are known to exist; and the hosts used 
contain races varying from complete susceptibility to immunity. The 
conflicting accounts of American investigators may be explained on 
similar grounds. For example, Johnson (20) was able to transfer 
timothy rust Puccinia phleipratensis Erikss. and Henn. to barley by 
means of oats as a bridging host when it could not be transferred from 
” timothy direct, but Stakman and Jensen (47) transferred timothy rust 
successfully to oats, barley, rye, wild oats, oat grass, orchard grass, 
wild rye, rye grass, and rough brome, without the use of a bridging host. 

^ The biologic races of hosts and parasites, differing in resistance and 
virulency and the difficulty of keeping pedigreed cultures of each not 
only make accurate work difficult but make it almost impossible for two 
r investigators working in different parts of the country to corroborate 
each other’s work. “Wheat” and “stemrust” are terms not sufficiently 
specific for work of this kind. The particular variety of wheat and the 
biologic race of the rust must be known. 

Plants vary also in their resistance to the attacks of insects. Tors- 
sel! (56), in Sweden, found certain winter wheats that were not harmed 
by the six-spotted leafhopper while other varieties in the same field 
were destroyed. In 1916 in the variety test of field peas planted at the 
Washington Agricultural Experiment Station, the seed of Alaska peas 
was infested with pea weevil At harvest time the Alaskas contained 
more infested than good seed, while the Bangalias growing beside them 
contained only a trace. The adult weevil is’ winged but evidently 
preferred the Alaskas. It' is a common observation among potato 
growers that the Colorado potato beetle will destroy certain varieties 
before attacking others. For example, if Early Rose and Rural New 
Yorkers are planted in alternate rows in a garden, the beetles will strip 
the leaves of the Early Rose before harming to any appreciable extent 
the Rurals. But perhaps the most striking example of resistance to 
insect attack is that of certain grapes resistant to the plant louse 
Phylloxera ntifoliae Fitch, described by Bioletti (4). When resistant 
and susceptible varieties are crossed, resistance seems to be dominant. 
Such hybrids have become the foundation stock for grafting with the 
choice wine, table, and raisin grapes^of Europe. Phylloxera feeds on the 
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roots of the grape and produces galls or “ tuberosites ” which, on the 
susceptible varieties, enlarge enormously, and in two or three years kill 
the vines. This growth is caused by a poison which is injected by the 
insect. The resistant varieties do not react to this poison, and in 
addition the insect, does not multiply so rapidly on it, which indicates a 
repellant effect of the juice of the resistant plant on the life of the Phyl¬ 
loxera. Between two and three million acres of vineyards in Prance 
and California have been destroyed by Phylloxera during the past 
50 years and have been replanted to choice varieties that have been 
grafted on to resistant stocks. 

Little work has been done on the inheritance of disease resistance 
in animals. The nearest approach to an exhaustive critical investiga¬ 
tion in this subject, is that by Little and Tyzzer ( 26 ). They could trans¬ 
plant the carcinoma tumor designated as /. w. A. at will on the Japa¬ 
nese waltzing mouse, but the common mouse was immune to it. The F 1 
generation of these two races was very susceptible, there being but 1 
in 62 that failed to react. The P 3 and F s generations were very nearly 
immune, there being but 3 reacting positively out of 221. The P 1 
generation, back-crossed with the susceptible parent gave mostly sus¬ 
ceptible offspring (64 positive to 4 negative), but when back-crossed 
with the immune parent only immune offspring were produced (112 
negative reactions). Altogether 629 mice were used in the investiga¬ 
tion. The authors interpreted susceptibility to transplanted carcinoma 
tumor J. w. A. as being due to a complex of dominant multiple factors 
but considered their data insufficient to arrive at an approximation of 
the number involved. 

From the illustrations given above it will be seen that the researches 
already made on the inheritance of disease resistance indicate that, in 
the main, whether due to physical or chemical causes, Mendelian laws 
of segregation and recombination control resistance phenomena generally. 
Artificial crossing and selection of large numbers should help clear up 
the difficulties in making practical use of these laws' in controlling crop 
and animal pests. 

BUNT RESISTANCE PHENOMENA IN WHEAT 
THE PARASITE 

There are two species of bunt, Tilletia tritici (Bjerk.) Wint. and T. levis 
Kuhn. T. tritici is the most common and is the one generally referred 
to in the literature, and, unless otherwise designated, is the species 
referred to throughout this paper. 

The smuts (order Ustilaginales) were among the first recognized 
plagues of plants. Pliny (41) and Theophrastus (54) wrote about 
smut outbreaks in grains and considered them due to untoward weather 
and soil conditions which caused a morbid transformation, that is, 
putrifaction, of the tissues of the grain. In 1801 Persoon (40, p. 224) 
described stinking-smut as being due to a fungus. Meyen (jj, p. 108-^ 
119) as late as 1841 wrote that the smut powder in a dissolved condi¬ 
tion entered the roots and caused the sap to engender the same disease. 
But Kuhn (23) was the first to prove that the fungus from the germinat¬ 
ing spore actually enters the young wheat plant, thereby starting infec¬ 
tion that results in the smutted head. 
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According to Arthur (i) farmers reported a bunt outbreak in 1859 in 
the Haw Patch district of Indiana that took half the crop. Although 
such epidemics are not common in Indiana* another one occurred in 
this same district in 1887 and in some fields caused an almost total loss. 

In total harm done in reducing the world's wheat crop, bunt is second 
only to rust (19). In the wheat section of the Pacific coast in America 
in 1919 it is estimated that between two and three million bushels 
were lost on account of it. Besides the actual reduction in yield, the 
spores clinging to the grain and straw may be harmful to certain animals, 
and added expense is required to clean the grain for flour if the crop is 
even slightly contaminated. It is known and dreaded in all countries 
where wheat is grown. The countless spores in the separator during 
thrashing are sometimes exploded by the static electricity of the revolv¬ 
ing cylinder and a fire is started that destroys both machinery and crop 
(PL i, A). During thrashing the liberated spores are disseminated by 
the wind, and, as Heald and George (id) have shown, distributed at the 
rate of more than 35,000 spores to the square inch during a single season 
over distant fields about to be planted to fall wheat. Under such condi¬ 
tions seed treatment will not prevent a smutty crop of winter wheat 
the following year if the season is favorable for infection by the wind- 
borne spores. Experiments have shown that in a few weeks after the 
first rains, however, the spores germinate, and in the absence of wheat 
seedlings to infect, the fungus dies within a month or 6 weeks. Spores 
have been kept in the dry for 12 years which would still germinate 
(Woolman and Humphrey. 3 ) 

MeAipine (28 1 29) describes the spores of Tilletia fritici (Bjerk.) Wint 
as globose with reticulate roughened surface 15 to 22 p. (average 16J) in 
diameter. Under suitable temperature and moisture conditions the 
resting spores germinate in air or water. In water a long septate, un¬ 
branched mycelium is produced, whereas in air a short, septate, pro- 
mycelium is produced, at the end of which are borne 3 to 10 filamentous 
or sickle-shaped conidia. These conidia, fusing in pairs, produce the 
infection threads by means of which the parasite enters the host. This 
is accomplished between germination and the beginning of photosyn¬ 
thesis of the young wheat plant. Once established, the fungus grows 
until fruiting time, keeping pace with the growing point without serious 
injury to the host. It then produces a mass of hyphae in the walls of 
the young ovules, which results in such a quantity of odoriferous spores 
as to fill the ovaries to the point of bursting—that is, making “smut 
balls " about the size of wheat kernels. 

The resting spores are never produced except in the ovaries of the 
host. The parasite remains in a vegetative condition during the life¬ 
time of the host—whether it be 2 months or 10. The physico-chemical 
changes that take place in the wheat plant as it approaches maturity 
stimulate the bunt organism to similar changes, for it quickly spreads 
its hyphae through the remains of the nucellus and deposits masses of 
its own fruiting spores in the space normally occupied by the endosperm 
and embryo of the wheat. 

Bunt, in common with other smuts, apparently consists of, but a single 
biologic race. Like other disease-producing organisms, it is selective 
for certain tissues (24). The nodes and growing points of the host are the 

; :®Woolman* 'Horace' M„ and Humphrey, Harry B. Studies in the physiology and control op 
BUNT OR STINKING smut OP WHEAT. U. S. Bepfr. Agj. Bill (In press.) 
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tissues in which it is most frequently found in this case, and the fungus 
no doubt produces toxins which bring about the deformity characteristic 
of a smutted plant. (PL 1, B; 2, A.) 

According to Woolman, 4 bunt infection takes place during the early 
seedling stages, through the walls of the coleoptile. He is unable to 
find any trace of mycelium except in the coleoptile until the seedlings 
are about 8 days old. By the time they are 15 days old the mycelium 
lias penetrated to the inner side of the second leaf sheath. As the plant 
grows older the mycelium penetrates farther and is carried upward 
mechanically with the growing point, living filaments being found most 
frequently at the nodes and in or near the actively growing parts. The 
older parts of the mycelium disappear, apparently being digested and 
absorbed. He finds that the so-called immune varieties are readily 
infected and that resistant and susceptible seedlings show no difference 
during the first two weeks. By the time they are a month old, however, 
the mycelium in the resistant varieties is more restricted in its rami¬ 
fications and appears lacking in stainable cell contents. The “re¬ 
sistance” is evidently chemical in nature and begins to restrict the growth 
of the mycelium shortly after the genesis of photosynthesis. He rarely 
finds evidence of infection at more than one point, although he found 
one head containing spores of both Tillitia triiici and T. levis, which 
proves that two infections did take place, each functioning at maturity. 

Heald (17) believes that multiple infection is required to develop a 
smutted plant. He found that Marquis wheat, which is very resistant 
to bunt, could endure from 500 to 1,000 spores per grain without pro¬ 
ducing bunted heads in the succeeding crop. When seed carrying 
100,000 or more spores per grain were planted half the resulting crop 
consisted of bunted heads. Jenkins Club, which is very susceptible, 
produced a trace of bunt with as few as 100 spores per seed. When the 
inoculation reached 40,000 or more the resulting crop produced from 80 
to 100 per cent of bunted heads. 

If the multiple infection hypothesis be the correct explanation of this 
phenomenon, it might be compared to induced immunity in animals 
brought about by sublethal injections of fully virulent organisms. In¬ 
fection in a great number of different places—that is, a lethal dose—would 
use up the “antitoxin” already present in the plant so rapidly that the 
pathogenic relationship could be established. The resistant varieties 
would either contain more of the ("antitoxin” or a greater capacity for 
developing such material. Much more work will be required to estab¬ 
lish this point. The data as published (17) might be interpreted as 
increasing the chances for infection or producing the external conditions 
that would make possible the penetration of the host cuticle (7). It 
has been shown that the amount of bunt is greatest in wheat planted for 
September 15 and only slightly less on October 1, at Pullman, Wash., 
the amount growing less and less in plantings either earlier or later. 
In view of this fact, as well as the fact that varieties differ in relative 
susceptibility, makes the proposition of determining by a spore count 
whether a given lot of seed needs treating, a difficult and precarious one, 
for winter wheat. A general prediction of the amount of smut to be 
expected in' spring wheat would be less hazardous. 


4 My former colleague, Mr. H. M. Woolman, has done much cytological work on the relationships of bunt 
and wheat, and he has kindly permitted me to make the above statements of his unpublished work. 
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.Summarizing the evidence at hand, bunt appears to be a highly special¬ 
ized parasite, consisting of but a single biologic race and existing on but 
a single host genus, Triiicitm. 5 Its spores are disseminated both on the 
seed of the host and by wind to fields of fall wheat. Infection takes 
place only during the seedling stage of the host and to be effective may 
require multiple infection. It produces but one crop of spores a year, 
these being deposited in the wheat ovaries following the flowering period. 
Next to rust, it is the most destructive parasite of wheat. Besides the 
actual loss due to bunted heads, additional losses occur through feeding 
smutty grain to animals, through lowering the vitality of the seed by 
treatment with disinfectants, through the time and expense of treating 
the seed, through fires caused by explosions of spores during thrashing, 
through extra cleaning required in milling, and through experiments of 
farmers, such as planting out of season, changing seed, and trying other 
unadapted plants in an effort to avoid a smutty crop. 

THE HOST 

There are eight commonly recognized species of wheat in American 
agricultural literature. According to Tschermak (57) Einkom, Triticum 
monococcum is quite distinct from the others and generally will not cross 
with them, although Blaringhem (5) succeeded in crossing it with durum 
and Polish wheat. Emmer, T. dicoccum Sc hr., is thought to be the 
progenitor of the other six. Durum, T. durum Desf., Polish, T. polonicum 
3 L, and Poulard, T. turgidum L. are inter-fertile but show about 50 per 
cent sterility when crossed with the other three. Common wheat, T. 
vulgare ¥ 111 ., Club wheat, T. compactum Host., and Spelt, T. spelta L. are 
all fertile inter se. 

Triticum generally shows intersterility with other genera, although 
crosses have been made with Secale (rye), but the E* generation is nearly 
always sterile, rarely producing seed. Love and Craig (27) reviewed 
former work on wheat-rye hydrids and reported a cross between Dawson 
Golden Chaff and common rye in which they obtained a single plant in 
the F., F 2 , and F s generation, there being but one seed produced in each 
of the first two generations. The F s generation was not so nearly sterile, 
for it produced a number of seeds from which a variable population of 
F 4 segregates w T ere obtained. 

In common with many other members of the grass family the bread 
wheats have hollow steins closed r at the nodes and two-ranked parallel- 
veined leaves consisting of sheath and blade. The sheath envelopes the 
stem with the edges overlapping. The flowers are perfect, arranged 1 to 6 
on a spikelet, and the spikelets alternate on the rachis to form a spike. 
Two empty glumes inclose each spikelet. Each flower is inclosed in a 
floral glume on the outside and a palea on the inside and consists of 
three stamens with slender filaments and a 1-celled ovary beneath two 
styles with plumose stigmas. Wheat generally is self-fertilized, but 
natural hybrids sometimes occur in arid climates. 

After germination the plant passes through a vegetative stage in which 
it produces a cluster of leaves (the stool), tillering from a zone of active 


Since completing this manuscript I found two smutted ryelike plants in an Fs generation of Hybrid' 
iffS wheat Rosen rye. The characteristic odor and reticulated surfaces of the spores make it almost certain' 
that ; the : *tasaal organism was Tcifcfie tritici, (Bjerk.), Wint. . The same season (1921) F. J. Stevenson found 
two heads of what looked like bunt on common rye in our cereal' nursery at, Pullman, Wash.* near the 
'pact where the two rye-wheat hybrid plants had been found. 
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tissue near the surface of the earth. With the approach of summer the 
stems elongate rapidly, the seeds develop, and the plant dies. The 
vegetative stage is completed in from one to eight months, depending 
upon temperature and variety. 

The vegetative period exhibits some interesting variations. A funda¬ 
mental varietal agronomic difference of great practical importance, which 
is entirely ignored in most taxonomic nomenclature, is the habit of 
growth during this vegetative period that distinguishes winter and spring 
wheats. A typical winter wheat, in the north temperate zone, will not 
head out or produce grain if planted in the spring. It remains as a green 
grass clump all summer and dies the following winter. If it is pastured 
or tiie leaves frequently cut off during the summer, it may live through 
the winter and the following summer head out and produce a normal crop 
of grain. Spring wheat, planted in the spring, passes through the vege¬ 
tative stage in a few weeks and then the culms rapidly elognate, the head 
develops, and a normal crop is produced. If both are planted in the fall, 
the winter wheat lives through the freezing and thawing of a severe winter 
and produces a normal crop the following harvest under conditions in 
which the spring variety would winterkill. The time required from 
flowering to the maturing of the grain varies greatly with the changing 
climatic conditions. High temperatures, bright sunlight, and strong 
winds favor rapid maturation. Cool, cloudy weather with little wind 
favors the maximum length of time between flowering and maturity. 
The elongation of the stems, flowering, and fruiting are completed in from 
30 to 60 days or longer, depending upon weather conditions. 

Most of the cultivated wheats are of the species Triticum vulgare, but 
in certain districts the durum and club wheats predominate. Durum 
is produced in the Dakotas and western Minnesota principally, and the 
club area is confined, for the most part, to the Pacific Northwest. 

Many investigators have classified comparative susceptibility to 
disease according to genera and species. (Jaczewski (18) f Carleton (8) s 
Freeman and Johnson (12), Stakman (52), Kirchner (. 22 ), and Reed (42).) 
For wheat they have shown that einkorn is generally resistant to all 
rusts and mildews. The durums, polish, poulard, and some of the 
emrners are partially resistant, but the common and club wheats, the 
spelts and part of the emrners are generally classified as susceptible. 
This shows a remarkable parallelism with the sterility groups and sug¬ 
gests the probability that the physical and chemical factor differences ■ 
that cause sterility are also responsible for the differences in resistance. 
It would be expected, if this were the case, that specific sterility factors 
would be linked with resistance, and both would be linked with the 
morphological differences that make up the species. Hayes, Parker, 
and Kurtzweil (15) actually found such linkage, together with the 
expected sterility, in crosses of common with both durum and emmer. 
Linkage was not complete, however, for out of a large number they 
obtained a very few segregates of common type that were resistant to 
stemrust and some of emmer and durum type that were susceptible. 
From this it appears that the physico-chemical factor complex responsible 
for sterility in crosses of so-called immune and susceptible races is not 
identical with those producing resistance, although very closely associated. 
In fact, certain sterility factors may be the identical factors that cause 
certain kinds of resistance, for resistance is specific for each parasite. 
A wheat may be susceptible to stemrust and resistant to yellow rust, 
or resistant to mildew and susceptible to both rusts (a, 9). 
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Bunt, like the rusts, finds certain species more congenial hosts than 
others. Table I, compiled from the tests of 1919 and 1920 at the Wash¬ 
ington Agricultural Experiment Station, Pullman, Wash., shows the 
comparative resistance of the eight species as tested. 


Table; i .—Comparative bunt resistance of the eight species of wheat 


Species. 


Einkom (T. monococcum) 
Polish (T. polonicum ). . . 
Emmer (T. dicoccum) 

Spelt (T. spelta) . 

Durum (T. durum) . 

Poulard (T. iurgidum ). . . 

Club (T. compactum) . 

Common (T. vulgare ).... 


Number of 
tests.® 

Total num¬ 
ber of 
plants 
counted. 

Percentage 
of bunt 
produced. 

4 

87 

0.0 

3 

66 

7*7 

10 

I 55 

9.6 

21 

5 I 5 

9*7 

40 

1,256 

29.3 

9 

264 

33*5 

98 

4,296 

64.1 

666 

: 

25,009 

70, 2 

i 


« The actual number of distinct races or sorts was but slightly over 500 in round numbers. Many of the 
1919 plantings were duplicated in 1920. 


Taking the average percentage of bunt produced as the index of 
resistance, the eight species may be arranged into four groups. Ein¬ 
kom is immune, polish, emmer, and spelt are very resistant, durum 
and poulard are intermediate, and club and common are very suscep¬ 
tible. It would require a much more exhaustive test to establish these 
findings as general laws for specific bunt resistance, but there are two 
deductions that may be made, i. Species of Triticum differ in their 
susceptibility to bunt and in a manner analogous to specific rust resist¬ 
ance and also analogous to their genetic relationships. 2. Spelt forms 
a notable exception, falling into the very resistant class instead of the 
susceptible class that its genetic and rust-resistance relationships call 
for. These relationships are established by the work of several investi¬ 
gators (15, 57, 38), and the different behavior of spelt in respect to 
bunt resistance is established in Table 1 by the performance of 21 rows 
and more than 500 plants. 

It has been found that the common and club wheats vary within 
rather wide limits among the different races of the same species, a few 
selections of both being very resistant, more being intermediate, but 
the majority being very susceptible. 

Resistance to some diseases seems to break down when the host is 
grown in another environment. The information available on bunt 
resistance indicates that a wheat resistant to bunt will remain so in all 
J climates. For example, Turkey (Washington, No. 326) is resistant 
under conditions favoring maximum infection at the. experiment stations 
of Kansas, Minnesota, California, Oregon, Idaho, and Washington. 

A comparison of a large number of varieties, known to be pure dines, 
in two districts of distinctly different climate should give a clear idea 
of the probable constancy of bunt resistance in different environments, 
j This can best be done by means of a correlation table in which the 
comparative resistance of each variety in one locality is measured in 
relation to its comparative resistance in the other locality. If there is 
' perfect agreement, the coefficient of correlation is 1. If they vary inde¬ 
pendently in each locality, without regard to the comparative resistance 
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In the other, the coefficient of correlation equals o. Table II presents 
such a correlation. 


TablC II .—Correlation of 150 varieties of wheat in respect to hunt resistance 3 



1 Percentage of bunt at Moro, subject; percentage of bunt at Pullman „ relative; 1919. 
Coefficient of correlation=a.654 ± 0.0315. 


A comparison of 150 selections of wheat (mostly Triticum vulgare s a 
few being club and durum) tested at Pullman, Wash., and Moro, Dreg., 
show a correlation coefficient, according to Table II, of 0.654 ± 0.0315. 
Moro has an arid climate with an average rainfall of 11.6 inches. The 
elevation is 1,800 feet; the soil, a fine silt loam. Pullman has an annual 
rainfall of 21 inches, a clay loam soil, an elevation of 2,500 feet, and' a 
lower summer temperature than Moro. The Moro data were obtained by 
counting the heads of bunt and wheat from which the percentages were 
figured. The Pullman figures were obtained by the combination plant 
and head count described on page 460. Taking into account the differences 
in climate and methods, the high correlation Is significant. It shows that 
resistance and susceptibility are fundamental differences and are not 
easily changed by environmental conditions. A large number of these 
varieties have been tested at Davis, Calif., Aberdeen, Idaho, and Cor¬ 
vallis, Or eg., under wide differences of soil and climate, and the indications 
are that the common varieties that are decidedly resistant or susceptible 
are outstanding in those respects at all places where tested. Table II 
shows only four varieties less than 10 per cent bunt at both Stations, but 
30 varieties more than 90 per cent susceptible. The average of all 
varieties at both Stations is 70 per cent, which is very near the figure 
given for the T. vulgare group in Table I, in which a much larger number 
of varieties is represented, covering the two-year test (1919 and 1920) at 
Pullman. 

It is very seldom that a row of wheat, containing, say, from 50 to 100 
plants produces nothing but bunt heads, no matter how susceptible the 
variety is or how favorable the conditions for infection are. A small 
number of wheat heads, and usually a few plants, escape the fungus and 
produce normal seed. It might be assumed that these occasional plants 
were resistant mutants. To test this possibility 10 bunt-free plants of 
hybrid 143 were selected in 1913, and for three years smut-free plants 
from the most resistant row were selected. At the end of the third year 
the selected plants produced 85 per cjnt of bunt as compared with 80 
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per cent for the unselected check. Other tests of selections from Turkey 
and Red Russian add proof to the conclusion that the bunt-free plants in 
varieties planted under conditions favoring maximum infection are not 
resistant mutants but rather escape infection by accident. 

breeding FOR BUNT RESISTANCE 
methods 

In testing different wheats for comparative resistance to bunt, condi¬ 
tions favoring maximum infection were, as nearly as possible, maintained. 
The seed was inoculated with fresh viable spores just before planting. 
This was accomplished by stirring into each packet of seeds from 1 to 5 
per cent of its weight in bunt spores, so that each seed was literally 
blackened by spores clinging to it, besides a surplus of loose spores among 
the seeds. The inoculum was obtained from the smutted heads of many 
different varieties of wheat in the field, in order to get a representative 
sample of the organism in its native environment. The heads were 
ground up and the spores sifted out and kept in a cool, dry place during 
the planting season. The packets of inoculated seeds were planted by 
hand in rows iS inches apart. The seeds were spaced 4 to 6 inches apart 
in the row to avoid confusion in separating the plants at harvest time. 
Each experiment, whether a variety test or an F s family, was planted at 
approximately the same date to avoid error due to changing seasonal 
conditions. As many as 10 men were required at times in order to plant 
a given experiment in a single day. 

The field was kept free of weeds and volunteer grain by rotation and 
cultivation, com and field peas preceding the cereal nursery in a 3-year 
rotation in every case. The rainless summers of eastern Washington 
make clean cultivation under these conditions comparatively easy. 
A stake bearing a printed label with date, name of experiment, name of 
variety and pedigree number was placed at the end of each row. The 
records at harvest time were obtained as follows: To get a quantitative 
measure of resistance, the plants of each row were pulled and separated 
into three piles (bunt-free, all bunt, and part bunt); and the number of 
plants in each was recorded in a field note book. The partly bunted 
plants were then divided into heads of wheat and heads of bunt, and the 
numbers were entered in their proper columns. With these five figures 
it is easy to reduce the amount of bunt in a given row to terms of a single 
number for direct comparison with the amount produced by any other 
row. The computation used gives the total bunt in terms of percentage 
of the whole row, according to the formula ab + c = d, in which a is the 
percentage of bunted heads on the partly bunted plants, b is the percent' 
age of partly bunted plants in the row, c is the percentage of entirely 
bunted plants in the row, and d is the total percentage of the row 
that is bunted. The computations were made with a calculating 
machine and checked with a slide rule. The results thus obtained are 
not materially different from those obtainable by a straight head count 
of all the'heads in the row. This method takes much less time and gives 
Information that a straight head count would not give—that is, the 
quantity of partly bunted plants and the amount of wheat produced on 
them, which in itself is an important measure of resistance, and is useful 
m checking errors in counting or computations. 

The work was all carried on out of doors, in the field, the main care 
being to have uniform conditions for all the rows of a given test, so that 
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the differences in bunt resistance would be attributable directly to 
differences in the constitutional make-up of the wheats compared. 

PARENT STOCK 

Of the eight varieties to be discussed in relation to their bunt resistance, 
six are of wide commercial importance. Hybrid 128, Turkey, Fortyfold, 
Red Russian, and Jones Winter Fife are the five, most important winter 
wheats in the State of Washington and are named in the order of their 
importance from the standpoint of total production. They represent 
more than, three-fourths of the winter wheat produced In the Northwest. 
Alaska Is not commercially grown except in isolated sections where an 
occasional farmer has been the victim of propagandists who have made 
extravagant claims for it as a wonderfully productive and hardy wheat. 
Of the two spring varieties, Marquis is third in production in Washington 
and is universally grown In the Great Plains area of the United States 
and in northwestern Canada. Florence is of some importance In Aus¬ 
tralia but has not been grown in America except for experimental purposes. 

Taxonoxnically all are Triticum vulgare except Hybrid 128, which 
belongs to T. compactum and Alaska which is a poulard, T. iurgidum . 
Turkey, Florence, and Alaska are resistant (PL 2, B) and Hybrid 128 
and Jones Winter Fife are susceptible to bunt under all conditions. 
Fortyfold and Red Russian are intermediate but approaching the 
susceptible varieties (PL 3, A). Marquis is resistant when sown In the 
spring but intermediate or susceptible when fall-sown. Table III gives 
the amount of bunt produced In the tests from 1915 to 1920; The 
season of 1917 was very unfavorable, and the wheat did not come up till 
spring. Since none of the varieties produced any appreciable amount 
of bunt, the record of that year Is omitted. 

TABLE HI .—Annual percentage of bunt produced on parent stock for the years IQI$ 
to IQ20, with ike 3-year average for igi8 io IQ20, and the total number of plants in the 
tests during the latter period 


Variety. 


i 

1 ; 

19x5 

| 1916 

Turkey.. 

4.6 

i- 7 

Marquis ®. ... ..■ 

Florence....... 



Alaska. 



Red Russian... 

67.8 

73 -S 
86.6 

8 9-3 

85.6 
71.2 

96.4 

87.4 

Fortyfold. 

Hybrid 128. 

Jones Winter Fife_ 

Average first 4 varie¬ 
ties ............. 

Average last 4 varie¬ 
ties ...... 

79-3 

1 ■■ ■ 

85- 2 

Average of both resist¬ 
ant and suscepti¬ 
ble^.. 


j ' 



Percentage of bunt. 

Total 
number 
of plants 
in 3 years 
1918-1920. 

191S 

1919 

I92O 

Average 

1918-1920. 

0. 6 

2.4 

7.6 

3*5 

2,883 

3-4 

7-3 

3 * 5 

4-7 

813 

*9 

8.1 

12. 2 

7*2 

880 

. 0 

7 * 1 

20.1 

9 * 1 

3 12 

49 * 9 

77-4 

56.1 

61.1 

2,118 

49. 6 

76.4 

65. 2 

63-7 

479 

63.0 

98.1 

77.6 

79.6 

685 

78.3 

94-2 

73-6 

82.0 

3 U 

1. 2 

6. 2 

10.8 

4*5 : 


60. 2 

86.5 

68.x 

75*9 


30.7 

46.4 

39-5 

38.9 



a Marquis was spring-sown.. All the others were sown 411 the fall throughout the tests, 
& See Plates 2, B, and 3, A, lot the type of heads of these eight parent varieties. 


25622—23 -6 

















462 


Journal of Agricultural Research 


Vol. XXXII, No. 6 


There is considerable variation from year to year, but the varieties 
generally maintain their relative positions. The four resistant ones are 
always comparatively resistant and the susceptible ones are always 
comparatively susceptible, regardless of seasonal fluctuations. Turkey, 
representing the extreme resistant type, and Fife, representing the 
extreme susceptible type, show less variation than the others. Marquis 
shows less variation than any of the others during the three years recorded 
and is so uniformly resistant that farmers often take advantage of it and 
do not treat the seed before planting. It was a matter of considerable 
surprise, therefore, when it was discovered that Marquis was susceptible, 
when planted in the fall. In 1919 a fall sown row of inoculated seed 
produced 661 heads, 489, or 74 per cent, of which were bunted. The 
same phenomenon was observed in 1920, the 14 plants that survived the 
winter producing 31 per cent bunt, compared with 3.5 per cent produced 
from a spring planting of 90 plants in the same field. The record of 
Florence, the other spring wheat, is taken from fall sowings but is some¬ 
what more resistant when spring-sown. Evidently the resistance of 
Marquis is different from that of the others, inasmuch as it is neutralized 
by the lowered temperature or the winter rest period. There seems to 
be no peculiar habit of growth or taxonomic difference associated with 
this loss in resistance, but it is a constantly recurrent phenomenon 
obtaining wherever tested. An example of the uniformity of these 
reactions is shown in the records from Davis, Calif. Seed of the three 
varieties Turkey, Florence, and Marquis was sent to that Station to 
be tested for bunt resistance in the season of 1920. Plantings of each were 
made November 4 and December 21, 1919. More than a thousand heads 
of each were produced in 1920, of which Marquis contained 37 per cent 
of bunt heads, Turkey and Florence containing but 7 and 6 per cent, 
respectively. The spring sowing of Marquis was uniformly resistant. 

This does not mean that all the others have the same kind of resist¬ 
ance. In fact they have not, according to the segregation tests of their 
hybrid progeny, as will be shown later. It seems probable, from a 
study of Table III, that the different wheats do not react the same to 
climatic influences from year to year. For example, in 1920 the re¬ 
sistant varieties (with the exception of Marquis) produced more than 
twice as much bunt as their 3-year average shows, while the four sus¬ 
ceptible varieties produced an average of 7.8 per cent less in a similar 
comparison. The reverse condition obtained in 1916, while in 1918 
all varieties produced less than normal, and in 1919 all but Turkey 
and, Alaska produced more than normal. It is very evident that a 
“good” or “bad” smut year does not apply equally to all varieties. 

The percentage of bunt produced on the partly bunted plants was 
much less on the resistant than on the susceptible varieties, the ratio 
being 25 to 67 when the four resistant varieties of Table III are com¬ 
pared with the four susceptible ones. This may be taken as an argu¬ 
ment in favor of the physico-chemical nature of resistance, for here 
there can be no question about the plants being infected. The difference 
is plainly one of greater incompatibility of the resistant hosts. The 
ratio of total bunt 4.5 to 75.9, however, shows a much stronger contrast 
a#dis 'the just and proper one to use as a quantitative measure of re¬ 
sistance, or susceptibility. 
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SEGREGATION OF HYBRIDS 

Only a few of the possible combinations of the eight parent types 
have been made, but the data obtained are sufficient to show the general 
type of the inheritance to be expected, and the crosses described below 
have been tested in sufficient quantities and over a long enough period 
of time to warrant the conclusion that resistance is definitely heritable 
according to the commonly recognized laws of genetics. Three types 
of crosses have been made: resistant X resistant, resistant X suscept¬ 
ible, and susceptible X susceptible. Because a smutted plant is auto¬ 
matically eliminated from further testing, as it produces no progeny, the 
seed for the F* and P 2 generations were not inoculated with spores but were 
treated with formaldehyde instead, so that both susceptible and resist¬ 
ant segregates were saved for the F 3 generation, which was thus the real 
beginning of the test. F* sibs had been saved, however, so that P 2 sib 
rows could be tested with the F 3 ’s the same season, under the same con¬ 
ditions. Thus the parent varieties, the F 2 ’s and the F 3 ’s were all tested 
at the same time in the five crosses that have been carried on in sufficient 
numbers, and under such conditions as to make the results significant. 
The amount of bunt produced per row in the segregates of the F s genera¬ 
tions has been arbitrarily put into 10 groups, each class having an ampli¬ 
tude of 10 per cent. The numbers in each class of 10 crosses is given 
in Table IV. 

Table IV. —Number of F s rows falling into each class , when the percentage of hunt 
produced from o to 100 is divided into to equal parts 


, 

Variety.« 

Number of rows falling into class with average percentage of bunt— 

Total 
number" 
of rows. 

5 

IS 

25 I 35 | 45 I 55 ! 65 

! 1 i 

75 

% 

95 

■ 

A X T. 

6 

1 

! ! ! 

0 j Si 0 O’ 1 

1 

' X 

I 

14 

T XF. 

IOI 

x 9 

18 ! 12 1 6 • 6 3 

2 

1 

0 

m 

TXH. .. 

*5 

13 

9 23 281 33 i 36 

25 

11 

I 

194 

TXR .- 

*7 

9 

6 . x j 4 i 2 ; 1 

2 

0 

O 

42 

Fd X T... 

41 

64 

37 ! 63 ; 97 ! 104 85 

59 

38 

5 

5 S 93 

A X J . 

j 6 

0 

O'' 2 j -2 J O' I 

j 4 

f 9 

0 

24 

Fd X R. 

1 

| J 7 

34 I 55 i 40 1 27 ! s 

i 2 

I 0 | 

0 

181 

H X M. 

0 

0 

1 0 0 ; o ; 0 i 0 

5 

53 

276 

334 

A X R. 

1 1 

\ 0 

j 2 ; 1 | 0 ; 1 | 1 

2 

X j 

2 

XX 

A X Fd. 

! 1 

1 

| 0 

| x ! 3 | 2 ! x \ 6 

i l T ' i ! 

5 

I 

1 

i 

2 X 


a T— Turkey, A** Alaska, F= Florence, H— Hybrid 128. Fd= Forty fold, J=Jones Winter Fife, 
quis, R=Red Russian. 

& From 42 plants selected at random from an Fa population, -which makes these figures really Fds in which 
there has been no selective elimination of susceptible segregates in earlier generations. 


The average number of plants per row varied in the different crosses 
from 12.6 to 60.8, and more than 60,000 plants were counted in deter¬ 
mining the bunt percentages of the 1,582 rows listed in Table IV. The 
fact that the tests were made during four different years makes com¬ 
parison difficult, in one way; yet it tends to add weight to the general 
conclusions regarding the inheritance of resistance, because of the very 
fact that the different seasons are included. All of the rows in which 
Alaska was one of the parents were grown in 191.6. The Turkey crosses 
(except with Alaska and Fortyfold) wese tested in 1918. Hybrid 128 X 
Marquis was tested in 1919, and the other two, Fortyfold X Turkey and 
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Fortyfold X Red Russian, were tested in 1920. Only the five crosses in 
which the number of rows exceed 100 will be considered in detail, as the 
others are too few in number for analysis. The others may be discussed 
briefly as follows: All four of the crosses in which Alaska was the original 
male progenitor produced a high degree of sterility, which, combined with 
l ack , of winter hardiness, made it difficult to obtain large numbers. The 
figures as given, however, show that there is segregation, as both re¬ 
sistant and susceptible sorts were obtained in every case. Moreover, 


i 

I 



$ 13 25 35 45 £5 65 

FsfflSRttat 

Fig. 2.—Graphical representation of bunt resistance in the Fs generation of 5 different types of crosses. 
Three classes of parents were used: Resistant, Turkey (3.5), Florence (7.1);Intermediate, Fortyfold (63.7)* 
Red Russian (62.2); Susceptible, Marquis (74), Hybrid 138 (79.6). Figures in parentheses refer to average 
percentage of bunt produced under conditions favoring maximum .infection.} The crosses of Hybrid 
22S with Turkey and Marquis reproduce only the extremes of the parents. In the other crosses transgres¬ 
sive inheritance occurred—that is, segregates were obtained more resistant and more susceptible than 
the extremes of the parents. 

the susceptible classes occur with greater frequency than the resistant 
ones in the crosses of Alaska and the three susceptible varieties, Jones 
Winter Fife, Fortyfold, and Red Russian. Crossed with the resistant 
Turkey, a majority of the F 3 rows are resistant. In fact one of the 
selections which was sent to the Oregon Station has been found more 
resistant than either parent there and has proved so promising from a 
commercial standpoint that it has been continued to the seventh genera¬ 
tion. Five F 4 selections and 18 selections in the F 6 generation were 
'grown at Pullman from one P 3 row that was entirely bunt-free, and never 
a trace of bunt could be found in any later generation, although Turkey 
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and A!aska ; the parent strains, produced a small amount of bunt each 
year. 

An exhaustive test of Turkey X Red Russian was attempted in 1917, 
but the season was so unfavorable that the grain winter-killed badly 
and much of It did not germinate till spring, during which time the 
bunt spores with which the seeds had been inoculated probably perished, 
for out of 5x3 rows planted, but 2 produced as much as 10 per cent 
of bunted heads. Random selection of 42 plants from this P 3 generation 
gave a preponderance of resistant type in the P 4 generation but was 
not carried further. 

There are five families in which the numbers are sufficiently large 
and the seasons sufficiently favorable to give results that are dependable 
for purposes of comparison. The distribution of the different classes 
has been refigured on the basis of the number of each class per 1,000 
rows and the result put in the form of curves in figure 1 in which the 
ordinates represent the number in each class and the abscissas represent 
the different classes. There are four distinct types of curves, one in 
which the 5 per cent class predominates, one in which the 95 per cent 
class predominates, one in which the 35 per cent class predominates, 
and two in which the major predominating class is 55 or 65 per cent 
and a minor class predominating on the resistant end of the curve, 
and a low center at the 25 per cent class. These two similar crosses 
are not so similar in reality as they appear from the position of the 
curves, for the data from which the curve representing the P 3 generation 
of Turkey X Hybrid 128 was taken was obtained in 1918, while the 
other curve representing the data of the P 3 generation of Portyfold X 
Turkey was obtained in 1920. Reference to Table III shows that 
the three parent wheats produced an average of 13 per cent more bunt 
in 1920 than in 1918. If the curves were corrected for this seasonal 
difference, the P 3 generation of Turkey X Portyfold would show a parallel 
curve that would be from 10 to 20 per cent more resistant than the P 3 
generation of Hybrid 128 X Turkey. Turkey is one of the parents 
in both crosses, so the difference in the two curves must be due to the 
difference in the inheritance of the other two parents, Portyfold and 
Hybrid 128. It seems more than coincidence that the 5-year average 
of the two wheats (Table III) should show 17 per cent less bunt pro¬ 
duced by Portyfold than by Hybrid 128. In fact the P 3 generation 
of Fortyfold X Turkey shows a mean of 2.3 per cent less bunt than the 
mean of the other P 3 generation noth withstanding the more favorable 
season for bunt in which it was grown. Any combination of the parents 
in question shows from 10 to 15 per cent more bunt in 1920 than in 1918. 
The seasonal differences of each parent is, for Turkey, 7 per cent, for 
Hybrid 128, 14,6 per cent, and for Portyfold, 15.6 per cent. It seems, 
therefore, that the curves in question should be separated, on account 
of seasonal differences, by at least one class, or somewhere between 
7 and 15.6 per cent. In other words if the P 3 generation of Turkey X 
Hybrid 128 had been tested in 1920 instead of 1918 the 194 rows tested 
would have produced between 7 and 14 per cent more bunt on the 
average than they did. This would have been between 9.3 and 16.9 
per cent more than the P 3 generation of Portyfold X Turkey actually 
did produce in 1920. The picture of the inheritance of these two crosses 
is one in which susceptibility is dominant, with the susceptible segregates 
fluctuating around the mean of the* susceptible parent in each case. 
A study of the material in the field revealed an important difference' 
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in the two F s 's that the figures in Table IV or the curves in figure 
i do not show clearly, namely, that transgressive segregation occurred 
in the P 3 generation of Portyfold X Turkey, there being five rows 
decidedly more resistant than Turkey and many rows more susceptible 
than Fortyfold. This phenomenon was not observed in the other P 3 
generation, in 1918. Turkey was just as resistant and Hybrid 128 
just as susceptible as the extremes of the segregates. This suggests 
the idea that Portyfold carries an element of resistance different than 
the elements of resistance in Turkey, which, added to it, produces a 
wheat more resistant than Turkey, and without which the segregate 
becomes as susceptible as Hybrid 128. In susceptible segregates this 
Portyfold element of resistance has a value of from 10 to 20 per cent, 
but in resistant segregates the value lies between 1 and 7 per cent, 
depending upon the season. It will require tests in later generations 
to establish this hypothesis beyond question, and this is being done. 

It is difficult to place these phenomena of inheritance on a factorial 
basis on account of the seasonal fluctuations and the quantitative and 
comparative nature of the material. It is quite evident, nevertheless, 
that Turkey has several times as much resistance to bunt as Portyfold. 
It is also evident, from the performance of the segregates of Turkey X 
Hybrid 128 in the P 4 and P 5 generations, that this “Turkey resistance” 
splits up into its component parts when crossed with other wheats of dif¬ 
ferent constitution. Table V shows the comparative resistance of 144 
P 4 rows (the offspring of 144 F 3 plants, selected from nine different P s 
rows), in comparison with the parent rows from which they came. 

The nine P 3 rows from which the selections were made were the most 
resistant segregates of beardless, club, winter hardy type (characters 
which were also being studied). It has been shown in an earlier paper 
(14) that resistance in this cross is not linked with the external charac¬ 
ters studied. In comparing the third column, “Bunt in P 3 generation” 
with the others, it must be borne in mind that these figures were obtained 
in 1918 and that the P 4 percentages were obtained in 1919, in which year 
(according to Table III) the parents showed 18.4 per cent more bunt 
than in the year in which the P 8 generation were tested. 

Tabus V .—Distribution of bunt resistance of Turkey X Hybrid £28 in the F 4 generation 

from g resistant F 3 rows 


Fs row No. 

Number of 
plants se¬ 
lected from 
each row. 

. Average 
number of 
F4 plants 
per row. 

Bunt in Fs 
generation. 

Average 
bunt of F4 
rows. 

Range of bunt in F-j 
rows. 

lowest. 

Highest. ' 




Per cent. 

Per cent. 

Pet cent. 

Per cent. 

13 %’ .. .. 

26 

71 

1.9 

12. 7 

3.6 

35 -o 

I 3°4 . 

22 

56 

4-8 

l8. 7 

6.5 

39 - 6 

13 xo.... 

2 

50 

6.4 

32.O 

25-9 

38. I 

* 353 — . 

14 

66 

6. 6 

13.6 

5*6 

» 5.4 

1312*'. .... 

29 

63 

7.0 

13.2 

4.3 

26.7 

1284. ... . . 

12 

70 

7.1 

25-3 

12, 7 

40.3 

«97 . 

14 

42 

9.8 

33 - 2 

11. 6 

59 * 5 

1357. 

8 

69 

13 * 4 

26. 6 

i 16.6 

41.7 

1299. . . 


46 

14. 6 

34.8 

| x 5 * 5 

54 * 7 , 

Average..... . ... 

16 

j 59-2 

8.0 

23-3 

1 11.6 

I ; ■ 40.' I 
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The season of 1919 was very favorable, and an average of 60 plants per 
row was obtained. Four of the 9 P 3 segregates produced F 4 progeny 
almost as resistant as the resistant parent, Turkey. The range of bunt 
produced by the different P 4 rows indicates that the P 3 row from which 
they were selected was probably heterozygous for resistance in every case, 
the range being from 12.2 to 39.2 per cent, which is a larger fluctuation 
than Turkey. (Ten rows of Turkey were grown in this same series, for 
comparison, the extremes of variation being 0.7 and 6.9 per cent.) There 
was, however, not one of the 144 rows in which the plants did not evidence 
some of the resistance of the Turkey parent, for the susceptible parent, 
Hybrid 128, growing alongside of the P 4 rows contained 98 per cent of 
bunt, whereas the worst P 4 row produced less than 60 per cent. The dif¬ 
ference was even more outstanding in the field than the figures indicate. 
Taxonomically the P 4 rows resembled very closely the susceptible Hybrid 
128, but the bunt-infected plants were very different. Once a plant of 
Hybrid 128 became infected it seldom produced any wheat. Out of 125 
infected plants but 3 produced wheat, while 25 of the P 4 rows produced 
some heads of wheat on every one of the infected plants, and only 11 of 
the 144 P 4 rows contained more than 10 wholly smutted plants. 

The plants in 5 of the 29 P 4 rows from P 3 row No. 1312 were superior 
in yield and quality and were very resistant; they became the progeni¬ 
tors, therefore, of the P 5 selections, five P 4 plants being selected from each 
row. Five plants were also selected from each of two other P 4 rows for 
test in the fifth generation. Thus the individuals of 35 P 5 rows repre¬ 
senting 3 P 3 , and through them 7 P 4 families were tested for bunt resist¬ 
ance in 1920. Ten of these rows—that is, 2 of the P 4 families—were 
selected for susceptibility instead of resistance to see whether the amount 
of bunt could be increased by selection after two generations of selection 
in the opposite direction. The data are summarized in Table VI. 

Table VI .—Distribution of bunt resistance in the F B generation of Turkey X Hybrid 128 
selected from five resistant and two intermediate F 4 families 


Fi row No. 

From Fa 
family row 

Average 
number of 
Fi plants 
per row. 

Bunt in 
F4 row. 

Average 
bunt of 

Range of bunt in Fs 
rows. 

No. 

5 Fj rows. 

Lowest. ' 

Highest. 

1434 . 

1312 

42 

Per cent. 

4*3 

Per cent. 
13*3 

Per. cent. 

3 * 3 

Per cent. 
22. 2 

1470.*.-.■ 

1387 

42 ; 

7-5 | 

19. 4 

16.1 

22. 9 

I 425 -***-*.; 

1312 

5 2 i 

7-9 ; 

9. I 


15.2 

1441.....1 

i 1312 

59 

8.2 j 

18.3 

9.2 

35-8 

1445.■•! 

\ * 3 12 

48 : 

8.5! 

14-7 

9 * 1 

18.8 

1426... 

1312 

60 

37.7 i 

23.2 

10. 8 

37-8 

139 2 . 

! ■ 1299 

1 ■ 

45 

37*5 | 

48-3 

28.8 

67.7 


The five plants selected from row 1470 were apparently homozygous 
for resistance in the P 4 generation but lacked an element of resistance 
that Turkey possesses, for they varied around the mean 19.4 per cent 
while Turkey in 1920 varied around the mean 7.6 per cent—the worst 
year for Turkey since the tests began in 1914. The numbers 1426 and 
1392 of Table VI show that they were heterozygous and that suscepti¬ 
bility can be increased by selecting in that direction, for one row was 
within 10 per cent of being as bad aa‘‘Hybrid 128. 
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The total populations of the P 4 and P 6 generations are presented in 
figure 2 in terms of the distribution of rows in the different classes per 
thousand, similar to the F 3 distribution in figure 1. It will be seen that 
the P 4 and P 5 generations very nearly parallel'each other. If the two 
susceptible lines had been eliminated, the other five would show decidedly 
greater resistance than the P 4 generation in spite of th^ fact that resistant 
varieties generally were twice as badly smutted in 1920, (See Table 
III.) Figure 2' may be taken to fairly represent the first peak of re¬ 
sistant segregates of the P 3 curve in Figure 1. No doubt subsequent 
selections will isolate the full resistant qualities of Turkey in the progeny 
in the homozygous condition. It is not unlikely that some of the P 5 rows 
are already in that condition and can not be changed by selection. 


1 

1 

£ 



$ IS 25 45 85 TO, 85 

1% ©eut bunt 

Fig. 2.—Graphical representation of resistant segregates in later generations. The similarity of the'Fi and 
Fs segregates indicates the constancy of the selections. The increase on the susceptible end of Jdie^Fa 
curve is due to the selection of 10 families in that direction from the F<t. 

For convenience in summarizing the data in respect to the bunt re¬ 
sistance of Turkey and Hybrid 128 and the progeny of a cross between 
them, Table ¥11 has been prepared. It should be kept in mind that the 
result of a given generation represents the constitution of the generation 
preceding. Thus the results of the P 3 generation show that the F 2 
generation reproduced the extremes of the parents with a rather indefi¬ 
nite frequency center near each parent center. The great majority 
tended toward the center of Hubrid 128, indicating dominance of suscepti¬ 
bility. Similarly the F 4 and F s class frequencies indicate the constitu¬ 
tional resistance, of the F a and P 4 generations. Each later generation 
shows less variation than the one preceding, as would be expected in a 
self-fertilized race when selected in the direction of the recessive class 
center. 
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Table VII .—•.Frequency distribution for resistance to bunt in a cross between two varieties 
of wheat, one resistant, the other susceptible 



Table VIII gives the class frequencies of Turkey and Florence in respect 
to bunt resistance as well as those of the progeny obtained from a cross 
between them. An extra column, not given in Table VII, has been 
added to show the rows that were entirely without visible infection when 
harvested. 

It will be seen that the P 3 generation (the constitution of which is 
shown by the F 3 class frequencies) shows transgressive inheritance, with 
the greatest frequency coinciding with the average resistance of the 
parents, if it be assumed that the 72 immune segregates varied in the 
intensity of their resistance in proportion to those in the direction of the 
susceptible end of the table. Such an assumption seems warrantable 
from the records of the P 4 and P 5 generations, for they were more resis¬ 
tant than the parents, and only a trace of bunt appeared in each genera¬ 
tion in a few of the rows. The P 5 generation shows that 19 out of 25 
rows were bunt-free (immune), and their ancestry had been bunt-free, 
since the cross was made. Thus, for three generations these selections 
have not produced a trace of bunt, although planted each year under 
conditions favoring maximum infection—that is, the seed was blackened 
with spores. The parents produced an average of 3.5 and 7.1 per cent 
under the same conditions,' and other varieities, classed as susceptible 
produced as much as 80 per cent of bunt. 
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XablE VIII .—Frequency distribution for resistance to hunt in a cross between two 
varieties of Triticum vulgare , hoik of which are resistant 



Year 

■Runt in parent 

Numbers falling into classes with average percentage of 
bunt per row of— 

Variety. 

: 

tested. 

row*. 

j 

Im¬ 

mune. 

5 

IS 

25 

35 

45 

55 

65 

7 S 

85 

95 



Per cent. 

0. 5 
.6 

I 

6 

! 









■1919 

.1920 


11 

1 










2 . A 
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....j... 
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® This is evidently a mistake. The row nest to it was immune, and it seems probable that the numbers 
got mixed at harvest time, for the three selections showed no trace of bunt the following year. 


Ill 1919 an F s family of Hybrid 128 X Marquis was produced to test 
the inh eritance of the resistance of Marquis to bunt. Information 
regarding the inheritance of Hybrid 128 had been obtained the year 
before from the P s generation of the cross between this variety and 
Turkey. The question arose as to whether the seed should be planted 
in the fall or spring, one parent being a winter wheat the other a true 
spring variety. If fall-sown, much winterkilling would be expected, for 
Marquis is not very winter-hardy. If spring-sown the true winter 
segregates would not produce heads and two-thirds of the others would 
be heterozygous for the winter factor and would produce some winter 
plants and some that would develop late so as to interfere with harvesting 
operations. The former course was decided upon and the planting was 
done in October, 1918. The winter was unusually mild, and a good 
stand was harvested the following summer. Every one was surprised to 
find all of the F s rows (334 in number) very badly bunted. The best 
row in the lot was three-fourths smutted, and 276 of the rows produced 
more than 90 per cent of bunt. The whole block of rows appeared as 
a mass of stinking smut which gave off an offensive odor that penetrated 
to windward for half a mile. An examination of some demonstration 
plots in another field showed that the fall-sown Marquis was very 
smutty. This gave a clue as to why all of the P 3 rows of Hybrid 128 X 
Marquis were badly bunted. The inherent resistance of Marquis was 
broken down by the winter rest period. 

One plant'each from nine of the best rows—that is, those having the 
least amount of bunt—and one from each of the four worst rows were 
selected for testing in the F 4 generation. The complete results of the 
parents,'the P 2 , F 3 , and these P 4 selections are summarized in Table IX, 
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Table IX.-— Frequency distribution of resistance io bunt in a cross between Hybrid 128 
and Marquis , both of which are susceptible when fall-sown 
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Variety. s 

Year j 
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Number falling into class with average percentage of 
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a Seed from a different source, but since Marquis is a variety recently introduced and appears to be 
constant for all its characters, it is likely that there is no genetic difference in the resistance of these strains, 
for seed from these same strains planted in the spring produced less than s per cent of bunt. 


The P 4 generation shows an average of 19.9 per cent less bunt than 
the P 3 parent rows, but this is undoubtedly due to seasonal fluctuations, 
for Hybrid 128 and Marquis showed similar differences in 1919 and 1920. 
A closer study of the P/s indicates that even in these extremely suscep¬ 
tible segregates there is a constant difference in their susceptibility 
comparable to the differences in the susceptibility of the parents. This 
is more clearly brought out by the following figures: 



Average percentage of 
bunt. 

1919 1920 

Difference. 

Prom 9 low selections... 

80.2 

63.2 

18. 0 

Prom 4 high selections.... 

96. S 

73.4 

24.4 

Difference between high and low.. 

16.6 

10. 2 

6.4 


Out of the 9 low P 3 rows (between 75 and 84 per cent bunt) 5 produced 
the smallest percentage of the 13 rows in the P 4 generation. Out of the 
4 high F 3 rows (between 94 and 99 per cent bunt) selected, one produced 
the highest amount of bunt in the P 4 generation, and two of the others 
produced more than the average of all the P/s in 1920. This indicates 
that Marquis carries a weak factor or property for resistance that is 
inherited and is not affected by fall planting. If this be true, strains 
from this cross could be selected that? would show a consistent difference 
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of from 15 to 30 per cent when planted in the fall under conditions favor¬ 
ing maximum infection. In 1919 Hybrid 128 produced 98 per cent* 
Marquis produced 75 per cent, and the F 3 varied from 75 to 100 per cent. 
In 1920 the parent varieties produced 30.9 and 74.3 per cent respectively, 
an P 2 progeny produced 56 per cent of . bunt, and the F 4 selections varied 
from 46 to 85 per cent. Five plants, each selected. from the lowest and 
highest P 4 row, produced an average of 78 and 91 per cent bunt in the 
F 5 generation in 1921. These figures include only the rows that were 
planted together in the same part of the field, and on the same date. 
There is much work to be done to establish the inheritance of the resist¬ 
ance of Marquis, especially the part played by the winter rest period, 
the segregation of the units that are not so affected, and the complex 
of its resistance for spring planting. This is being done and will be re¬ 
ported later. 

There remains one other cross to discuss, that of Fortyfold X Red 
Russian. The average susceptibility of the parent varieties and their 
F g offspring in 1920 was 36.7, 49.3, and 37.5 per cent, respectively. The 
Pg segregates varied from 8.1 to 73.6 per cent. Reference to figure 1 
shows the greatest class frequency of the 181 P 3 rows to be between 30 
and 40 per cent, with rapidly diminishing class frequencies above and 
below. The most striking thing about this cross is that the average of 
the F s generation is less than the average of the parents. The fact that 
the parents were duplicated so that there were nearly 200 plants counted 
precludes the possibility of a chance error. In the other four crosses 
charted in figure 1 the average of the parents lie below the average 
susceptibility of their respective F s ’s, showing dominance of suscepti¬ 
bility. In this cross there seems to be a slight dominance of resistance, 
the parents producing on the average 5.6 per cent more bunt than the 
F 3 progeny. 

The lower limit is decidedly lower than any recorded example of either 
parent under similar conditions. This shows that Fortyfold and Red 
Russian (which are known to be intermediate in respect to resistance 
of bunt, when compared with wheats like Turkey, Alaska, and Florence 
on the resistant side, and Hybrid 128 and Jones Winter Fife on the sus¬ 
ceptible side) possess different kinds of resistance which are cumulative 
in effect, when brought together by crossing. These resistances have 
a value somewhere between 10 and 20 per cent in reducing the amount 
of bunt that would be produced on the extremely susceptible varieties 
when planted under conditions favoring maximum infection. By cross¬ 
ing them, segregates are obtained that are from 10 to 20 per cent more 
resistant than either parent. It is to be expected, and the evidence 
points to the probability, that segregates also occur which are from 10 
to 20 per cent more susceptible than either parent. The difficulty of 
isolating the susceptible segregates, on account of the fungus destroying 
the reproductive organs, was pointed out in another place. The segre- 
gable dilute or feeble resistance of Fortyfold shown here is in accord with 
that found in the cross between it and Turkey. The feeble resistance 
of Red Russian has not as yet been definitely corroborated in other 
crosses. 

DISCUSSION AND CONCLUSIONS 

, The investigation ’described in this paper forms a part of the general 
work of the Washington Experiment Station looking toward the discovery 
of- methods for reducing the destructiveness of bunt or stinking-smut in 
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wheat. The particular phase treated is the development of a commer¬ 
cially desirable wheat which will not develop bunted heads even on a 
badly infected soil. Emphasis has been placed on inheritance of bunt 
resistance, but the ultimate practical application of the principles in¬ 
volved has been continually kept in mind. (PI. 3, B.) 

The first tests for resistance were made in 1914 when a few of the 
common commercial varieties were tested for comparative resistance 
under conditions favoring maximum infection. During the next two 
years, while these and other varieties were being tested in greater detail, 
methods of infecting the seed, recording the data, and computing the 
resistance on a comparative quantitative basis were developed and stand¬ 
ardized. In an endeavor to obtain the best possible material for the 
breeding work, more than 300 named varieties, from the principal wheat 
districts of the world, including representatives from the eight species, 
have been tested for resistance. 

Most of the varieties tested proved to be either very susceptible or lack¬ 
ing in winter hardiness. Thus the representatives of the four species, 
einkom, polish, spelt, and emmer, although all very resistant, were dis¬ 
carded because they were of no commercial value, either from the stand¬ 
point of yield or hardiness. One poulard (Alaska) was used as the male 
parent in several crosses, mainly because of its bunt-resisting qualities. 
One club (Hybrid 128) was selected for two of the crosses described below 
because of its stiff straw, early maturity, and prolificacy, notwithstanding 
its malignant susceptibility to bunt. The other six varieties were selected 
for the breeding work from the vulgare group because they were common 
commercial varieties (with the exception of Florence, which was selected 
for its exceptional resistance) in the Northwest, and contained the 
greatest range of desirable characteristics. 

Alaska, Hybrid 128, Turkey, Fortyfold, Red Russian, and Jones 7 Winter 
Fife have the winter habit of growth; that is, they will not head out if 
planted in the spring, and are considered sufficiently winter hardy for fall 
sowing. This is of prime importance because the chief losses due to bunt 
occur in winter wheat. Marquis and Florence are spring wheats and are 
not considered sufficiently hardy for fall sowing, but were such good milling 
wheats and so resistant to bunt that they were used for the additional pur¬ 
pose of studying the inheritance of winter hardiness. 

These eight varieties (PL 2, B; 3, A) have been grown as pure lines from 
individual plant selections for 6 to 15 years and from the first have bred 
true for their morphological characters and may be assumed to be con¬ 
stant, within the limits of soil and seasonal fluctuations, in their compara¬ 
tive resistance to bunt. 

Turkey is one of the most resistant of all the wheats tested, seldom 
producing above 5 per cent of bunted heads, even under the most favora¬ 
ble conditions for infection. From one-fourth to one-half of the plants 
may show infection, but only a few flowers, or at most only part of the 
heads on an infected plant produce smut balls, the remainder producing 
normal wheat. The other resistant varieties, Alaska, Florence, and Mar¬ 
quis, show similar characteristics in that only a small part of the flowers 
on the infected plants are destroyed by the fungus. The two very sus¬ 
ceptible varieties, Hybird 128 and Winter Fife, on the other hand, do not 
normally produce anything but smut balls on the infected plants, the 
number of flowers or heads escaping being negligible compared with those 
that are destroyed. An occasional plant escapes infection altogether and 
produces normal grain; but once the parasite establishes itself within the 
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host, more than 80 per cent of the plants on the average produce only the 
fruiting bodies of the parasite, and the others produce less than 40 per 
cent of grain. Fortyfold and Red Russian, which are intermediate in 
respect to total bunt produced, are also intermediate in respect to the 
amount of wheat produced on the infected heads. 

The resistance of Turkey is different from that of Alaska, for segregates 
of a cross betwen them occurred which were more resistant than either 
parent, inasmuch as no trace of bunt could be obtained from the P 3 to 
the P 7 generation, although planted under conditions favoring maximum 
infection—conditions under which both parents showed traces of bunt 
on more than, one-fourth of the plants. Such a result would be impossible 
unless the resistance of the two wheats were cumulative in effect, each 
contributing something that the other lacked. For if the resistance were 
the same in both parents, the offspring would fluctuate around the same 
mean and no segregates would occur more resistant or more susceptible 
than the parents. If, however, the resistance of Turkey and Alaska were 
due to different causes, or perhaps the genes located in different chromo¬ 
somes, then the offspring would show greater variation than the parents, 
and segregates would occur which would be permanently more suscep¬ 
tible than either as well as more resistant. If the resistance of each 
parent were composed of differing multiple factors, many new and differ¬ 
ent segregates would occur. Thus, if Turkey resistance abc met Alaska 
resistance xyz , and each factor reduced the amount of bunt by 20 per 
cent, a cross between them should give variants (assuming the suscep¬ 
tibility of the parents separately to be 5 per cent) in the F 2 generation 
'that would produce bunt as follows: 


Number of 
resistant fac¬ 
tors. 


o 

1 

2 


i 

Bunt pro- j 
dttced. 

Classification. 

Number of 
resistant fac¬ 
tors. 

Per cent. 

65 1 
45 ! 

| 2 5 1 

Nonresistant. 
Slightly resistant. 
Somewhat resist¬ 
ant. 

3 . 

4 . 

5 * .. 

6 . . .. 


Blunt pro¬ 
duced. 

Classification. 

Per cent. 


5 

Very resistant. 

-15 0 

Immune. 

-35 0 

Bo. 

-55 0 

Bo. 


Unfortunately the large number of sterile plants and flowers produced 
by crossing Turkey and Alaska, combined with the lack of winter hardi¬ 
ness, reduced the number of plants to such a degree that an accurate 
analysis of the particular type of segregation that occurred was 
impossible. 

Florence is a very resistant spring wheat, but its resistance is also 
different from that of Turkey, for transgressive inheritance occurred in a 
cross between them, F 3 segregates occurring all the way from completely 
immune to completely susceptible individuals, not unlike the illustration 
given above. More than 40 per cent were immune, while the plants in 
12 rows (7 per cent of the F 3 progeny) were more than 50 per cent bunt, an 
amount never produced by either parent under the most favorable con¬ 
ditions for infection. vSomething like 30 per cent of the rows were inter¬ 
mediate, producing from 10 to 50 per cent of bunted heads. 

It is not too much to suppose that the 72 immune rows differed in the 
intensity of their resistance, but there is no way of proving it except by 
the slow, laborious process of crowing them with susceptible varieties 
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and testing the comparative resistance of their descendants. The inter¬ 
mediate and susceptible segregates indicate multiple factors for resistance 
in both Turkey and Florence, the loss of which renders a given hybrid 
offspring in a later generation a congenial host for the parasite. Such 
factors added together are cumulative in effect, making the segregate 
possessing them immune against all attempts of the organism to set up 
a pathogenic relationship. 

Fortyfold has a dilute or weak resistance that is evidently different 
from that of any of the resistant elements of Turkey, for in the F 3 genera¬ 
tion of Fortyfold X Turkey five out of 593 P 3 families occurred that were 
distinctly more resistant than Turkey, and many occurred more suscep¬ 
tible than Fortyfold. This dilute resistance of Fortyfold showed a value 
of approximately 5 per cent in 1920 when added to the resistance of 
Turkey in the very resistant F 3 families, but in the absence of it and also 
the Turkey resistance, the segregates increased 15 to 20 per cent in the 
amount of bunt produced. High and low selections are being tested in 
the F 4 generation in 1921 to determine the correctness of these assump¬ 
tions, for the data from the F 3 progeny are not as conclusive as one would 
like to have in a characteristic which shows such wide fluctuations as 
bunt resistance. 

Hybrid 128 has no heritable resistance distinct from that of Turkey or 
Marquis, for the F s progeny of crosses with them did not give variations 
exceeding the extremes of the parent types. The intermediates in the P 3 
generation of Turkey X Hybrid 128 indicated that the resistance of 
Turkey was made up of multiple factors, which, when separated, gave 
dilute resistances. The 334 P 3 families of Hybrid 128 X Marquis were all 
very smutty, none having less than 70 per cent of bunt. In the P 4 
generation, however, the high selections gave 10 per cent more bunt than 
the low ones, which indicates a dilute resistance, probably of Marquis, 
that is not affected by the winter weather. Marquis is very resistant when 
spring sown, but this resistance is mostly destroyed or neutralized by the 
winter rest period when fall sown. 

The resistance of Red Russian is not well established in the cross with 
Turkey on account of the small numbers and the unfavorable season in 
which it was tested, but in so far as the F 4 selections tell anything they 
indicate that any resistance it may possess is not different from that of 
Turkey, for none of the segregates were more resistant than Turkey, and 
the most susceptible did not surpass Red Russian in amount of bunt 
% produced. The cross between Fortyfold and Red Russian, however, 
prove that the latter has a definite heritable resistance which, added to 
the unlike resistance of Fortyfold, produces segregates much. more 
resistant than either parent. That is, the two weak resistances when 
brought together have the effect of a strong resistance comparable to 
that of Turkey or Alaska. The feeble or weak resistance of Fortyfold is 
in accord with that found in the cross between it and Turkey. The 
dilute or feeble resistance of Red Russian has not as yet been corrobo¬ 
rated in other crosses in sufficient detail to warrant discussion. 

From the foregoing evidence, based on seven years’'work with bunt 
resistance in wheat, and with special reference to eight varieties, and the 
inheritance of resistance in the progeny of crosses between them, the 
general conclusions may be summarized as follows: 

The most susceptible wffieats, planted under conditions favoring 
maximum infection, produce an average of about 80 per cent of bunted 



476 


Journal of Agricultural Research 


Vol. XXIII, No. 6 


heads. Hybrid 128 and Jones Winter Fife belong to this class. Although 
they produce 20 per cent of sound heads, this seems to be due to accident, 
for in crosses with other varieties the descendants do not show evidence 
of having inherited any cumulative resistance whatever from these 
varieties. 

Fortyfold, Red Russian, and Marquis each have differing dilute resist¬ 
ances which reduce the amount of bunt by 10 to 25 per cent. When 
added together, as in descendants of crosses between them, the cumula¬ 
tive effect makes a more concentrated resistance, having a value of from 
30 to 60 per cent. In addition to the dilute resistance, Marquis has a 
strong winter-sensitive resistance with a value of 50 to 60 per cent in 
spring-sown grain which is ineffective in preventing bunt when the seed 
is fall sown. That is, If Marquis is sown in the fall, only the dilute 
resistance is operative, for it produces but 10 to 20 per cent less bunt than 
the most susceptible varieties; if sown in the spring, the strong winter- 
sensitive factor becomes functional, and the resulting crop produces 60 
to 75 per cent less bunt than the completely susceptible varieties. There 
is some evidence that all the different resistances are somewhat winter- 
sensitive, for the facultative wheats (those that may be sown either in 
the fall or in the spring, being true spring wheats but fairly winter hardy) 
are known to produce more bunt from fall seedings. Florence also regis¬ 
ters a higher degree of bunted heads in the fall-sown tests. 

Turkey, Florence, and Alaska each have differing concentrated 
resistances which reduce the amount of bunt 70 to 75 per cent, compared 
with the standard susceptible varieties. These concentrated resistances 
are also cumulative in effect when brought together by crossing, the 
resulting descendants segregating into immune, very resistant, various 
stages of dilute resistant, and completely susceptible classes. 
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PLATE i 

A.—Result of a smut explosion. Machine of W. J. Grier* near Colfax, Wash., a few 
hours after the explosion, August 12, 1915. By hard fighting the sacked grain on the 
right was saved, but the machine and straw stack were burned. Hundreds of thrashing 
outfits and thousands of bushels of wheat have been destroyed in the Pacific North¬ 
west due to fires following explosions of smut dust (bunt spores), which bum like 
powder. 

B .—Morphological effect of bunt on wheat heads. Hie three on the left are Alaska, 
the others Portyfold. Heads of each variety from left to right contain normal seed, 
both normal seed and smut balls, and only smut balls. In Alaska the parasite causes 
the awns to fall but dwarfs the head instead of stimulating increased length as in 
Turkey and Hybrid 128. (See PI. 2, A.) The head length of Portyfold is not affected, 
but the spikelets on the infected heads stand out more nearly at right angles to the 
rachis. 
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PLATE a 

A. —Morphological effect of bunt on wheat heads. The three on the left are Turkey,, 
the others Hybrid 128. First head on the left, normal grain; second head, half wheat 
and half bunt; third, all bunt. The bunted heads are much elongated as if trying to 
grow away from the fungus. In Turkey the awns fall off prematurely on the bunted 
heads. The bunted head of Hybrid 128 on the extreme right looks like a vulgare 
instead of a compactum. 

B. —Parent varieties resistant to bunt. From left to right, Turkey, Florence, 
Marquis, Alaska. Turkey and Alaska are true winter wheats and can not be used for 
spring sowing. Florence and Marcpiis are typical spring wheats. Marquis and 
Turkey are the most popular varieties in the United States and Canada, measured 
by the quantity produced. Both are excellent breadmaking wheats. 



PLATE 3 

-Parent varieties susceptible to bunt. From left to right, Fortyfold, Jones 
Winter Fife, Red Russian, Hybrid 128. Jones Winter Fife and Hybrid 128 are about 
20 per cent more susceptible than the other two. All are true muter wheats of com¬ 
mercial importance in the Northwest. Fortyfold and Hybrid 128 have white grain. 

B.—Two hybrid (F s ) types with commercial possibilities. Left, the morphological 
characters of the Hybrid 128 parent are combined with the resistance of Turkey. On 
the right the Florence head type is combined with the winter hardiness of Turkey* 
it has been immune to bunt for three years. Both selections outyielded the parents 
in 19x9 and 1920* 
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A BACTERIAL LEAPSPOT OF TOBACCO 1 
By James Johnson 

Associate Professor of Horticulture, University of Wisconsin, and Agent, 

Office of Tobacco Investigations , Bureau of Plant Industry , United States 

Department of Agriculture 

INTRODUCTION 

During the past five years a bacterial leaf spot of tobacco occuring in 
Wisconsin has been the subject of investigation together with observa¬ 
tions on tobacco leafspots in general in various tobacco districts of the 
United States. The tobacco leaf is subject to*an exceptionally large 
number of diseases, originating from a variety of causes, in some cases 
with distinctive and constant symptoms, but more often confusing when 
any determination or classification based on symptoms is attempted. 
This confusion is in some respects magnified by the fragmentary early 
literature and is due largely to common names having been applied 
without adequate consideration as to the causal agents of the diseases. 
Recently two or three leaf diseases have been described, however, in 
sufficient detail to permit of definite reference. It is the purpose of this 
paper to contribute to the knowledge of one other such disease. 

CAUSE 

This disease, which is not believed to be new to tobacco growers in 
Wisconsin, has been found to be due to a bacterial organism apparently 
previously undescribed. The causal organism has been named Bacterium 
melleum , n. sp., and a description of the organism and the symptoms of 
the disease it causes is given in this paper. 

COMMON NAMES 

The leaf spot to be described here is ordinarily called “rus t” by Wis¬ 
consin tobacco growers. This name, which is not a good one from a 
phytopathological standpoint, is in fact in use throughout most of the 
tobacco districts of the world, for a variety of leaf diseases of tobacco, 
and is, therefore, a'very unreliable term. The term “rust’* is frequently 
limited by the use of such combinations as “red,” “brown,” “white,” 
and “black rust;” but these again are of little significance when applied 
by different individuals and have little definite relation to the causal 
agent concerned. Other terms such as “firing,” “black fire,” field fire,” 
“wildfire,” “speck,” and “frogeye” are terms which have been com¬ 
monly used as synonymous with “rust,” though the term “frogeye” 
is now generally limited to the disease caused by Cercospora nicoiianae 
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EL and Ev. and more recently “wildfire” has become the accepted com¬ 
mon name for the disease caused by Bacterium iabacum Wolf and Poster. 

The leafspot diseases of tobacco naturally fall into, three disease 
categories, as regards cause, namely, (1) those due to nonparasitic 
agents, (2) those due to fungi, and (3) those due to bacteria. It is prob¬ 
able that additional terms should not be added to the list of common 
names until a satisfactory basis of classification based on these categories 
is established. However, we have come to refer in the laboratory to the 
disease herein described as the “Wisconsin bacterial leafspot” disease* 
and this term may tentatively be preferable to the commonly used term 
“rust” 

OTHER BACTERIAL LEAFSPOTS 

Although it is only within recent years that certain leafspots of tobacco 
have been definitely shown to be of bacterial origin, it is fairly certain 
that one or more have existed from the earliest days of tobacco culture 
in this country. The earliest treatises on tobacco culture refer to “rust” 
and “firing,” although in most cases it would be difficult to judge the 
nature of the causative agent from the descriptions of these diseases. 
Killebrew and Myrick (6) , 2 for instance, wrote as follows— 

another field fire, called “black fire,” which is totally different from the red field 
fire, is caused by excessive humidity and occurs only after continued rains of several 
days' duration with hot weather. This black fire is much more to be dreaded than 
the brown rust or red field fire, for it attacks the plants while immature , involving 
all the leaves. Sometimes the disease will spread over a field in two or three days 
and ruin the crop, making black deadened spots as large as a silver dollar, but this 
rarely happens. 

This disease was undoubtedly parasitic in nature, especially in view of 
the fact that these experienced observers separated it from other symp¬ 
toms probably of nonparasitic origin. It is also quite likely that this 
disease was one of the two tobacco leafspot diseases recently shown to 
be of bacterial origin in this country. 

Similarly the disease described in this paper as “Wisconsin leafspot” 
has probably existed in Wisconsin for 50 years or more along with other 
leafspots under the name of “rust,” but now referred to by some of the 
older growers as “old-fashioned rust,” on account of the fact that it has 
not been as prevalent in recent years as in the earlier days of the industry 
in this State. 

Apparently the first leafspot disease of tobacco attributed to bacteria 
was that of “la rouille blanche” (white rust) of France,- ascribed by 
Delacroix (r) in 1905 to Bacillus maculicola. The description of this 
disease is not sufficient to afford adequate comparison with our American 
leafspots, but in any case the description given indicates that it is different 
from the Wisconsin bacterial leafspot. Honing (4) in 1914 described a 
rust occurring in Deli (Sumatra) which he showed to be due to a bacterial 
organism which he named Bacterium pseudozoogloeae . This disease 
was also known as “black rust,” although it evidently was not the “wild¬ 
fire” disease of America, since neither the description of the causal 
organism nor that of the symptoms of the disease correspond with that 
of wildfire. Honing’s disease corresponds more closely to that of the 
Wisconsin leafspot, although, as will be shown by later comparison, they 
differ in several respects. 


2 Reference is made by number (italic) to u Idtefature cited/’ p. 492-493. 
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Wolf and Poster (7) in 1917 described the wildfire disease as it occurred 
in North Carolina and Virginia, following an unusually severe outbreak 
and proved the causal organism to be a bacterium, which they named 
Bacterium tabacum. This disease apparently has since spread to most of 
the other tobacco districts in the United States, seemingly from the North 
Carolina epidemic of 1917 as a center of infection. This disease is not 
readily distinguished from the Wisconsin leafspot in general symptoms, 
although the chlorotic area around the point of infection is usually larger 
and more common than in the Wisconsin leafspot. The wildfire organism 
is also a much more vigorous parasite than the Wisconsin leafspot 
organism, and the disease may consequently be much more prevalent 
and serious where it occurs. Promme and Murray (j) investigated a 
leafspot disease in Virginia, which had apparently also existed for a 
considerable time in that State, and found it to be due to a bacterium 
which they named Bacterium angulatum. This disease has been named 
by them “angular leafspot’' on account of the angular shape of the 
lesions. It cannot be readily confused with other bacterial leafspots 
but may be difficult to distinguish at times from certain nonparasitic 
spots when judged by symptoms alone. 

DESCRIPTION OF THE DISEASE 

The Wisconsin bacterial leafspot has been found ordinarily on the 
lower leaves of the plants in the field. Usually it is most marked on 
the lowest leaves but has been observed during this investigation up 
to the middle leaves. In severe outbreaks, not seen since the beginning 
of this study but earlier noted and referred to by others as “old-fashioned 
rust, ” the leaves on the entire plant may be involved. That the disease 
may occur on young leaves is evidenced, however, by the observation 
of several infections in seed beds from which the causal organism has 
been isolated. The older leaves are seemingly more predisposed to a 
rapid collapse and death, and finally, browning of the tissue when once 
infected, but when artificially inoculated by needle punctures the top 
leaves show equal predisposition to infection, and the development of 
the chlorotic area surrounding the point of infection is even more marked 
than on lower leaves. The common occurrence of the disease on the 
lower leaves in the field is due quite likely to the more favorable environ¬ 
mental conditions offered there for infection and progress of the disease. 

The disease in the seed beds ordinarily is inconspicuous and not as 
typical as in the field. The spots are usually small and more angular 
than in the field and the chlorotic area less distinct (PL 2, A). The old 
lesions are usually small and light-colored, but when they run together 
the young leaves present the appearance of being blighted. 

In the field the young spots are usually round, frequently with a 
small central fleck surrounded by a distinct chlorotic area or halo, iden¬ 
tical with that of the wildfire disease. Under other conditions this halo 
may not appear at all or may disappear rapidly, the tissue surrounding 
the point of infection collapsing and soon turning brown in color, in 
some cases possibly white. Enlarging spots may or may not be limited, 
by the veins of the leaf. At times the infected area seems to pass over 
the vein without injury' to it. At other times, however, the parasite 
may enter the vein .and follow it, producing an elongated lesion, The 
diameter of the spots may vary from x mm. to' 1 cm. or more, frequently 
coalescing, and hence involving large 1 *areas of the leaf. The old lesions 
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are usually distinctly brown in color, sometimes brownish white, fre¬ 
quently with a dark center giving a “ birds-eye ” appearance. Concentric 
rings, usually are not present, though apparently they may occur (PL 
1, A, B). 

An interesting symptom frequently evident in the greenhouse after 
artificial infection is the formation of a secondary ring of small lesions 2 
or 3 mm. beyond the circumference of the primary lesion. This ring, 
often perfect in shape, seems to follow as a result of renewed activity by 
the parasite about the primary lesion following a checking of the disease. 
The chlorotic area surrounding the center of infection has been found 
to be relatively free of organisms, as was found by Miss Elliott (2) in the 
halo-blight of oats. 


PREVALENCE OF THE DISEASE 

The causal organism of the Wisconsin leafspot disease was first isolated 
in the spring of 1917. On account of the similarity of other leaf spots, 
nothing conclusive can be said as to the prevalence of the disease prior 
to that time, although the writer feels confident that within 20 years of 
casual observation previous to 1917 he has seen a number of more serious 
cases of the disease than have been noted since. This belief is strengthened 
by the testimony of a number of the older tobacco growers in the State, 
who recall complete losses of portions of crops from “rust,” which, from 
our subsequent observations on nonparasitic leafspots, are not believed 
to develop to such an extent on the type of tobacco grown in this State, 
with the possible exception of the “rust” following mosaic. “Rust” 
following as a result of mosaic is not, however, ordinarily limited to such 
an extent by the topography of the land and the opportunity for infection 
as is the bacterial leafspot. Since 1917 a number of mild occurrences 
of the disease have been seen within a 25-mile radius of Madison, and in 
most cases have been identified by isolation of the causal organism and 
inoculation experiments. Search has been made for this disease in a num¬ 
ber of other tobacco districts, mostly in Kentucky, Maryland, Pennsyl¬ 
vania, and in the Connecticut Valley. Only one specimen has been 
collected which can with certainty be said to be the same disease, and this 
was from Kentucky in 1919. One collection from Connecticut in July, 
1919, proved to be the “wildfire” disease, and was the first record of 
that disease in the Connecticut Valley. Similarly, collections made in 
1920 from Maryland, Kentucky, and Ohio proved to be wildfire. 

ISOLATIONS 

The first isolation of the Wisconsin leafspot organism was made in 
June, 1917, from the seed beds at the experiment station at Madison. 
At about the same time specimens of a leafspot on tobacco seedlings (wild¬ 
fire) were received from Mr. E. G. Moss, in charge of the branch tobacco 
station, Oxford, N. C. This disease was at first thought to be due to a 
fungus, and preliminary isolation and infection experiments were con¬ 
ducted from this standpoint with negative results. Bacteria were soon 
after isolated and infection secured. Word was then received that Dr. 
Frederick A. Wolf, of the North Carolina Station who was working on 
the same disease, had established the bacterial relationship, no doubt a 
few days before our own conclusion had been reached. A few weeks 
later the writer visited the North ^Carolina section and had the oppor¬ 
tunity of noting a second serious outbreak of the disease in that section. 
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On his return to Wisconsin similar leaf spots were noted, among them 
certain spots on a row of a southern type of tobacco in the experimental 
plots at Madison, though not occurring nearly as seriously as in the 
fields seen in North Carolina. The records show that two of the isola¬ 
tions from this row gave white organisms, one of which was infectious* 
Unfortunately this culture died before a detailed study could be made of 
it, so that we are not at all certain that it was the wildfire organism. 
The writer's earlier isolation from the seed bed leaf spots and later isola¬ 
tions from the field yielded, however, only yellow infectious organisms. 
No white organism has since been isolated except following known 
cases of inoculation with the wildfire organism. It is felt that this 
explanation should be made here in view of a statement made by Wolf 
and Foster (7) as a result of correspondence, to the effect that wildfire 
occurred in Wisconsin in 1917. While the “similar spot’ 5 referred to 
has developed to be what we now call the “Wisconsin leaf spot,” there 
is still some probability that we did have one case of wildfire on a row of 
southern tobacco in 1917, and if so, it seems likely that it was the result 
of seed-borne infection. In any case wildfire can not be said to have 
occurred in Wisconsin in 1917 in the sense that it has since been reported 
from other States, nor was it introduced in that manner until 1922. 

During the last five years a large number of isolation tests have been 
made from various sorts of leafspots of tobacco. Wherever fairly fresh 
and young spots of the wildfire disease or the Wisconsin leafspot have 
been plated out, no difficulty has been encountered in getting pure cul¬ 
tures at once, so that the distinction between these two diseases has been 
readily established. The method employed has been simply to select a 
young lesion, cut it out with a scalpel, and rinse it through 8 to 10 sterile 
water blanks with vigorous shaking. It was then transferred to a tube 
of bouillon, mashed with a sterile scalpel or rod on the side of the tube, 
rinsed into the bouillon and allowed to stand 15 to 30 minutes. One to 
six loopfuls of the bouillon werethen transferred to melted potato agar 
at about 45 0 C. and plates poured. Cultures were usually kept in'Stock 
on potato-dextrose agar in the ice box. Twelve different isolations of 
the Wisconsin leafspot organisms have been made over a period of five 
years. Practically all the cultural character studies were made with one 
organism (culture No. 141), and where this culture was not used we have 
made sure that we have used a pathogenic organism corresponding in 
ordinary cultural characteristics. 

INOCULATION EXPERIMENT 

A very considerable number of inoculation experiments have been 
made in connection with demonstrating the pathogenicity of the organism 
isolated, testing the strains following growth in culture' for different 
periods, and for comparison with other bacterial leafspots of tobacco,, 
particularly wildfire. Repeated trials have also been made comparing 
inoculation by spraying and by needle puncture, under very variable 
environmental conditions. It has been found that, while good infection: 
is always secured on wounded leaves with a virulent strain of the Wis¬ 
consin leafspot organism, practically no infection at all has ever been 
secured by simply spraying the plants with a suspension of the organism 
in water. . 

The writer can not state with certainty the relation of normal field 
infection to wounded tissue. He has* not been able to find from observa- 
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tion that wounding by insects or other means has played any part in 
infection. It seemed rather that infection in the field was dependent 
upon the occurrence of favorable environmental conditions. Every 
attempt to duplicate such conditions experimentally has thus far given 
negative results. The writer has as yet, however, done nothing as regards 
the intrinsic predisposition of the plant itself to infection, and it is not 
improbable that the host grown under different conditions as regards 
chemical and physical relationships may be considerably altered thereby 
■as regards predispostion. This belief is strengthened by the fact that 
similar experience has been had with frequent attempts at securing good 
infection with the wildfire organism by spraying under greenhouse 
conditions, while with this organism we know that under other conditions 
good infection may be secured in this manner. 

The method of inoculation by wounding has been essentially that of 
puncturing the leaf with a needle point which has been dipped in a 
suspension of the organism in water and permitting a small droplet of 
the watery suspension to cover the wound. In this manner, when a 
virulent strain of Wisconsin leaf spot organism is used, infection is 
secured in two to five days, and symptoms develop which compare 
favorably with those from Bacterium tahacum in size of chlorotic area or 
lesions obtained (PL 2, B). On the other hand, it is certain that under 
field conditions the Wisconsin leaf spot organism is not as virulent as the 
wildfire organism, and that the former can be pathogenic only under 
more limited conditions than is the latter. Under field conditions the 
chlorotic area or halo formed by the Wisconsin leafspot organism is not 
normally as marked as that of wildfire (PL 1, A) and frequently may 
not occur at all (PL 3, A) on older leaves, where conditions are seemingly 
more favorable for a rapid collapse of the leaf tissue than is the case on 
the younger leaves. 

Considerable uncertainty has been experienced throughout the progress 
of this investigation as to the continued pathogenicity of the organisms 
■carried in culture on potato-dextrose agar, and as a result frequent 
inoculations have been made to test this point with various cultures. 
In large measure, the same has been true of the wildfire organisms carried 
along simultaneously. 

A large number of subcultures have died, lost their pathogenicity 
completely, or in considerable part (PL 2, B). 

This has been due apparently in most cases to an unfavorable cultural 
medium, although in many cases this occurred on potato-dextrose agar 
made according to the same formula as other batches in which organisms 
have been kept alive and virulent through transfers kept in the refriger¬ 
ator for three years or more. 

A limited number of inoculations have been made upon other host 
plants aside from ordinary tobacco (Nicoiiana tabacum). Infection has 
been secured upon various other species of Nicotiana, especially N. 
glauca and N. rustica , and also upon the tomato, together with some 
indication of infection upon certain cereals. 

CULTURAL CHARACTERS 

Morphology. — The organism is a short motile rod with rounded 
ends, occurring singly, in pairs, or occasionally in short chains. Meas¬ 
urements under various conditions have ranged from 0,5 to 0.8 microns 
in width by 1 to 2.4 microns in Length, averaging about 0.6 by 1.8. 
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Stained by the Caesar-Gil and modified Pittfield methods for flagella 
from 24-hour-old cultures, the organism shows from one to several 
polar flagella, usually two or three, but as many as seven have, been, 
counted. The flagella are ordinarily from three to five times as long 
as the organism itself. The organism has been stained, with carbol 
fuchsin, methylene blue, and anilin gentian violet. No spores or involu¬ 
tion forms have been observed. Capsules are formed. Pseudozoogloeae 
are apparently absent. It is Gram-negative and is not acid-fast. 

Potato-dextrose agar. —Most of the cultural work has been done on 
potato-dextrose agar, as this had been found to be most useful for rapid 
comparative purposes on account of the color imparted to the agar* 
Colonies in agar plates are first visible in about 36 hours at about 22 0 to 
26° C., increasing to 3 to 5 mm. in diameter in six days. Colonies are 
at first grayish white, changing on most media on about the third day to 
a distinct yellow, after which a transparent light yellow tinge develops 
in the potato agar. The colonies are round, shining, convex, and yellow 
with opaque centers. The submerged colonies are lenticular. On agar 
slants a distinct growth may appear along the line of inoculation in 24. 
hours, and this broadens gradually at the base, becoming echinulate 
(PL 4 A). The growth becomes fairly heavy in 3 to 5 days but rarely 
covers the slant, usually developing a fairly deep orange color. Certain 
potato-dextrose agar media will color up in a few days, but ordinarily 
more gradual coloration occurs, the media becoming usually a bright 
honey yellow, which may extend to a depth of 2 inches or more from the 
growth down into the tube. Where the pigment is rapidly absorbed by 
the agar, the growth does not take on a deep color. Most of the yellow 
bacterial plant pathogenes known to science have been cultivated 
simultaneously, but with none has this charactristic of yellowing potato- 
dextrose agar been nearly as distinct, and with the majority seemingly 
it does not occur. The pigment on potato-dextrose agar is soluble in 
water, sulphurous acid, ammonia, methyl and ethyl alcohols, and hydro¬ 
gen peroxid. It is apparently destroyed by hydrochloric add, tolulene, 
xylol, benzol, and carbon disulphid. Its production is slowed up mark¬ 
edly at io° C., but between 20° and 33 0 it is normal. Light apparently 
does not influence its production. Its intensity varies considerably on 
different potato agars, which may possibly be due to differences in 
reaction of the media. 

Gelatin. —Gelatin is rapidly liquefied in thickly sown plates, usually 
within 48 hours. In gelatin stabs liquefaction usually begins in 48 hours 
(assumes a stratiform shape), and may require two to three weeks for 
completion. 

Nutrient broth. —Decided clouding occurs in 24 hours in beef- 
peptone broth (4-10 Fuller’s scale) with moderate flaky sediment. On 
slight shaking the sediment readily breaks up into a fine suspension. 
Cloudiness does not appreciably increase after 3 days. A very thin 
surface membrane may be formed, after several days, but this charac¬ 
teristic is not marked. 

Potato cylinders. —Good growth in 48 hours, of brownish yellow 
color. Growth is profuse in 5 days, with increasing yellowing of organism 
along line of streak and darkening of medium. Tests with iodin indicate 
marked conversion of starch to amylodextrin, but diastatic action on the 
whole is feeble as compared with Bacterium campeske . 
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Litmus milk. —-The color becomes more intense on the second day, 
with the formation of a thin blue layer in the upper portion of the 
medium which disappears about the third day. After 4 days the casein 
is precipitated, and in 6 more days the clearing has proceeded two- 
thirds of the way down the tube. The liquid is dark green on top 
and shades down to a tan just above the casein. The medium on long 
standing finally becomes a deep blue-green, 

Cohn’s solution. —Marked clouding occurs in 2 days or less, fol¬ 
lowed in about 4 days by the appearance of a heavy white crystalline 
membrane on the surface and a faint greenish tinge below it. On long 
standing the medium becomes light yellow in color and contains a 
flocculent precipitate. 

Fermi’s solution. —Clouding becomes very marked after 2 days. 
After about 8 days the medium takes on a light greenish tinge, but this 
is not as marked as with Bacterium tahacum. After about 10 days or 
more a fairly heavy membrane is formed and the sediment increases. 
On longer standing the medium turns to an intense honey-yellow color. 

Beef agar stroke. —On beef agar slants growth is distinct in 24 
hours, grayish white in color, turning finally to a deeper yellow. Growth 
less profuse than on potato agar and no coloring of medium evident. 

Loeffler’s blood serum. —Growth grayish yellow, spreading, re¬ 
sulting in gradual liquefaction of medium. 

Nitrate in nitrate broth. —There was no reduction of nitrates in 
nitrate peptone broth. 

Indol, ammonia, and hydrogen sulphid. —Negative tests for all by 
usual methods. 

Fermentation tests. —Prom a 2 per cent Difco peptone solution five 
different carbon media were made by adding 1 per cent of the following: 
Saccharose, dextrose, lactose, glycerine, and dextrin. In fermentation 
tubes no gas was formed with any of these compounds. Distinct cloud¬ 
ing appeared in the open arms in 48 hours. In the case of saccharose and 
dextrose slow clouding also appeared in the closed arms. No acid was 
produced in any of the tubes. 

Litmus sugar agars. —Tests with lactose, glycerine, saccharose, 
dextrose, dextrin, agars showed no formation of acid in any case. 

Toleration of acids and sodium chlorid. —No growth was obtained 
in tubes of neutral beef-peptone broth to which 0.3 per cent of malic, 
citric, or tartaric acid had been added (P H values 3.6 to 4.0). A concen¬ 
tration of 0.2 per cent of malic and tartaric limited growth but 0.2 citric 
did not. Two to 3 per cent sodium chlorid limited growth markedly 
and 4 per cent inhibited growth entirely. 

Optimum reaction and toleration limits. —The best growth in 
beef-peptone broth was secured at '■+ 10 to 4- 15 Fuller’s scale. The 
maximum for growth lies apparently close to -f 20, -f 22 giving no 
growth. While good growth was secured in some instances as low as 
— 20 it is not believed that these results are significant, since the broth 
after adjustment and standing for some time usually rose to —4 or 
higher. 

Temperature relations.— The optimum for growth in culture lies 
close to 26° to 28° C. No growth was secured at 35 0 to 36° or below 
7° to 9°. The thermal death point found by subjecting freshly inoculated 
tubes of bouillon to ..different temperatures for 10 minutes was found to 
be about 57 0 . « 
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Resistances to desiccation. —The organism dried on cover slips in 
sterile Petri dishes did not lose its power of growth until after 14 days. 

Relation to oxygen. —-No growth in atmosphere freed from oxygen 
by pyrogallol-KOH method. Some growth in closed arm of fermenta¬ 
tion tubes with saccarose and dextrose. 

Effect of sunlight. —Fifteen minutes’ exposure of plates on ice to 
sunlight killed a few organisms, and practically all were killed on 30 to 
60 minutes’ exposure. 

Vitality and virulence.— The organism can be kept in culture and 
maintain its virulence for at least three years. It may lose its virulence, 
however, upon certain media while still giving normal growth in culture 
or it may die out rapidly on presumably favorable cultural media for 
reasons not definitely understood. 

Group number. —221.3333633. The name Bacterium melleum , n. sp. # 
is suggested for this organism, basing the specific name on the honeylike 
color imparted to potato dextrose agar. 

TECHNICAL DESCRIPTION 
Bacterium melleum, 11. sp. 3 

A short rod with rounded ends, occurring singly, in pairs, or in chains. Average 
size 0.6 by 1.8 microns. Motile by a tuft of polar flagella usually two to threein number, 
but ranging from one to seven, and three to five times as long as the body of the organism. 
No spores or involution forms have been observed. Capsules are present. It is Gram¬ 
negative and not acid-fast. The organism is pale or orange yellow on most media, 
particularly on potato-dextrose agar, to which it imparts a honeylike pigment. Growth 
on potatoe agar stroke is abundant, echinulate, raised, glistening, smooth, and viscid; 
agar colonies grow rapidly, are circular, smooth, and convex. On nutrient broth the 
surface growth is slight or none, clouding strong, and sediment somewhat flaky, more 
amorphous, and moderate in amount. In gelatin stabs growth is best at top with 
liquefaction, beginning in 3 days and complete in about 20 days. The coagulation of 
milk is prompt, coagulum slowly peptonized, Alkaline reaction with litmus milk, 
with prompt reduction.^ Good growth in Fermi’s and Cohn’s solution. No indol or 
ammonia produced. Nitrate in nitrate broth not reduced. Optimum temperature 
for growth about 26° to 28° C., maximum 35 0 to 36°. Thermal death point 57 0 . 
Optimum reaction for growth in broth -f-10 Fuller’s scale. Pathogenic on Nicotiana 
tabacum, causing a leafspot with or without a chlorotic halo around the point of infec¬ 
tion, usually followed by browning of affected tissue. 

COMPARISON WITH OTHER BACTERIAL LEAFSPOTS OF TOBACCO 

It is evident from the description of the causal organism that the 
Wisconsin leafspot differs from that of the previously described Ameri¬ 
can tobacco leafspots, namely, wildfire and angular leafspot. The 
most striking difference is that of the color of the pathogenes, which 
is white in both of the latter diseases but yellow in the Wisconsin leaf- 
spot. As far as symptoms themselves are concerned, one could not 
with certainty distinguish between wildfire and Wisconsin leafspot, 
though the former is the more destructive and widespread and under 
field conditions usually possesses the most marked chlorotic halo. 

The Wisconsin leafspot disease is not so readily distinguishable from 
the Sumatran disease described as black rust by Honing (4). Neither 
specimens of this disease nor the causal organism have been seen. There¬ 
fore Honing’s description offers the only basis for comparison. 

3 According to the clar ification of the American Society of Bacteriologists the combination would be 
Psucdomonas mellea n. sp. _ 
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■ The illustration of black rust by Honing shows some resemblance to 
Wisconsin leafspot, but the disease does not seem to be identical with 
the latter. The chief points of difference between the two causal organ¬ 
isms may be summarized as follows: 


Bacterium pseudozoogloeae (Honing) 

1. Produces “black rust.** 

2. Apparently no chlorotic halo. 

3. Produces lesions with concentric 

rings. 

4. Size generally 1.5 microns by 0.7 to 1 

micron. 

5. 1 to 2 polar flagella. 

6. Color usually yellowish gray. 

7. Gelatin stab papillate; liquefaction 

napiform to saccate. 

8. Milk coagulum not peptonized. 

9. Litmus milk rendered acid. 

10. Acid with dextrose, lactose, and 

saccharose broth. 

11. Fluorescence yellowish green (in 

gelatin). 


Bacterium melleum, n. sp. 

1. Produces “brown rust.” 

2. Chlorotic halo frequently present. 

3. Lesions usually not concentrically 

ringed. 

4. Generally 1.8 microns by 0.6 micron. 

5. 1 to 7 polar flagella. 

6. Color usually orange-yellow. 

7. Gelatin stab Aliform; liquefaction 

stratiform. 

8. Milk coagulum peptonized. 

9. Litmus milk rendered alkaline. 

10. No acid with dextrose, lactose, and 

saccharose broth. 

11. Fluorescence honey-yellow on potato- 

dextrose agar. 


From this comparison it may be seen that the differences are decided 
in many instances and that the likelihood of the Sumatran and American 
leafspot being identical is very remote. 

PRACTICAL CONSIDERATIONS 


The Wisconsin bacterial leafspot or “rust” no doubt occurs annually 
in this State, or at least it has been found for the last five years without 
much difficulty, although not to such an extent as to cause much con¬ 
cern. As already stated, however, it is quite certain that in years past 
it has been the cause of considerable losses and the object of demand 
for control measures. This belief is strengthened by the writer’s recent 
studies of nonparasitic spotting of tobacco, which might otherwise have 
been confused with the bacterial leafrust. The causal organism is not 
believed to be a vigorous parasite, and special conditions are necessary 
for infection without wounding. Aside from a period of rainy or humid 
weather, and possibly a fairly high temperature, we do not know the 
conditions which are necessary for infection, since these two require¬ 
ments in themselves are apparently not sufficient. This conclusion is 
arrived at as the result of environmental studies in controlled tempera¬ 
ture and humidity chambers. 

There is some ground for the belief that plants may be predisposed to 
the disease from internal causes. This hypothesis may be illustrated by 
an observation of the behavior of this disease in field fertilizer plots at 
the Wisconsin Experiment Station. The plots concerned were in du¬ 
plicate and were intended to compare the value of barnyard manure 
with commercial fertilizers. For some reason not clearly understood, 
the manured plots gave a yield considerably lower than the unfertilized 
plots. Counts were made of the number of infected plants in each plot 
and, as may be seen from Table I, a fairly close correlation existed be¬ 
tween yield, or the fertilizer applied, and the amount of infection. 
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Table I ,—Percentage of “rust* * on fertilizer test plots 


Plot 

No. 

Fertilizer applied per acre. 

Yield in 
pounds of 
cured leaf 
per acre. 

Percentage 
of plants 
rusted. 


IRamyard manure, 20 tons. ... 

h 545 
i, 242 

43 

46 

3* * * * * 
8 

.do..... 


Average..... 

h 393 

44. 5 

No fertilizer.. 

1, 682 
[ 1,527 

23 

26 

n 

do......... 

/••••* 

2. 

6 ...J 

Average........ 

1, 604 

24-5 

200 pounds nitrate of soda, 200 pounds sulphate of pot¬ 
ash, 600 pounds acid phosphate, 
do. 

i > 695 

h 735 

11 

10 


Average....... 

1*715 

10.5 



It does not follow from this, however, that “rust” is more likely to 
occur in low-yielding crops, the manured plots in this test being in fact 
an average crop. The condition is rather one of “ physiological or nutri¬ 
tional balance ” in the plant, a condition, as yet very inadequately under¬ 
stood in relation to plant diseases. A practical suggestion for experi¬ 
mental work in reducing damage from this disease by proper fertilization 
is offered, however, by such observations. 

It has usually been found that the first or primary infection starts in 
the seed bed and that the secondary infection in the field is a direct 
result of transplanting infected plants. The same seems to be especially 
true of the wildfire disease. In the springs of 1917 and 1918 infection 
with Wisconsin leafspot was first noted in the seed beds at the Wisconsin 
Agricultural Experiment Station, and subsequently secondary infection in 
the field was found in areas in the field planted from the infected areas in the 
seed beds, although a considerable time intervened between the two appear¬ 
ances of the disease, during which time it had apparently disappeared. 
This experience, together with a similar, and now common, experience 
with the wildfire disease, offers the suggestion that seedling plants from 
areas showing signs of infection should preferably not be transplanted 
into the field. It is not improbable that spraying with copper sprays 
in the seed beds as suggested for wildfire (5) may also help to control 
the Wisconsin bacterial leafspot should conditions warrant its use. 

The manner in which the disease lives over winter is not definitely 
known. The causal organism may perhaps live over on the seed, on 
the cloth covers, possibly in the soil, or by other means. Until this is 
determined no satisfactory means of control from this standpoint can 
be offered. 

Although a considerable number of varieties of tobacco have been 
grown at the Wisconsin station annually, these have not all been equally 
exposed to infection. From limited observations and experiments, 
however, the writer feels safe in concluding that differences in varietal 
susceptibility or resistance are small, if in fact they exist at all. 

25822—23 -8 * 
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SUMMARY 

A bacterial ieafspot disease of tobacco has been under observation 
and study in Wisconsin for five years* This disease is one of three or 
more different leafspots of tobacco commonly grouped under the common 
name “rust” by the growers in Wisconsin. The other “rust” spots 
appear to be nonparasitic in nature. 

This disease has not been especially serious in recent years, but it is 
believed that it is the “rust” which has been most serious in past years 
and may become so again at any time that the required favorable con¬ 
ditions for its occurrence appear. 

The Wisconsin Ieafspot of tobacco differs from both the wildfire 
Ieafspot and the angular Ieafspot occurring in other sections of the 
United States, and from the black rust occurring in Sumatra, all of which 
are bacterial in nature. The symptoms of the wildfire disease and of 
the Wisconsin Ieafspot, however, are much the same. 

The disease usually manifests itself by round, brown, or rust-colored 
spots, usually less than % inch in diameter, but frequently running 
together to form larger irregular lesions. Frequently the young lesions 
are marked by a distinct chlorotic area or halo surrounding the point of 
infection. Under field conditions infection usually starts on or is con¬ 
fined to the lower leaves. Lesions may also occur on young leaves in 
the seed beds. 

The disease is caused by a yellow bacterial organism apparently pre¬ 
viously undescribed. The name Bacterium melleum , n. sp., is suggested, 
and the more common morphological and cultural characteristics are 
given. 

Artificial infection has been secured only through wounding by needle 
pricks. Under the conditions of the inoculation experiments, in the 
greenhouse this has also been more or less true with the wildfire organism, 
which has been studied comparatively in practically all of the work done 
with the Wisconsin Ieafspot organism. Under field conditions it is not 
believed that wounding is necessary for infection. Temperature and 
humidity conditions in themselves do not apparently govern the occurrence 
of infection. Some data secured indicate that predisposition may be 
influenced by the fertilizing materials available. 

It is believed that the disease ordinarily starts in the seed beds, from 
which it is transferred to the field. Growers are advised, therefore, not 
to use plants from infected seed bed areas for transplanting. 
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PLATE i 


A.—Leaf of Havana Seed tobacco, showing fairly typical symptoms of the Wisconsin, 
leaf spot (“ rust" ’) disease. Natural infection. 

■ B.—More detailed view of portion of leaf similar to that illustrated in A, showing 
the central points of infection, the coalescence of the spots, and their relation to the 
veins. 

C.—A leaf showing a fairly typical case of “wildfire” on Havana Seed tobacco. 
Compare with Wisconsin leafspot. This leaf was collected in Connecticut in July, 
1919, and was the first authentic case of the wildfire disease in New England. 
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PLATE 2 


A. —Leaves from tobacco seedlings in seed beds, showing typical lesions. Such 
leaves readily carry the infestation to the fields. Note the halo surrounding the 
points of infection (B, G, and D). Artificial inoculation with leafspot organisms by 
means of pin pricks on tobacco leaves, illustrating their similarity under certain 

'•conditions (B, C» D, and B). 

B. —Leaf inoculated with Wisconsin leafspot organism. 

C. —Leaf inoculated with wildfire organisms. 

X).—Leaf inoculated with Wisconsin leafspot organism with lowered virulence* 

E.—Control, pricked, but not inoculated. 



PLATE 3 

A. —A leaf of tobacco inoculated with the Wisconsin leafspot organism by means 

of pin pricks. Tissue collapsed rapidly around point of inoculation and tamed 
brown, no halo developing. Similar spotting without halo may also develop in the 
wildfire disease. . , 

B. —Typical colonies of the Wisconsin leafspot organism on potato agar plate. 



&sjs 



•journal of Agricultural Research 


Washington,D. C. 






















PLATE 4 

A. —Streak of Wisconsin leafspot organism on potato-dextrose agar after four days® 
growth at 20° to 22 0 C. in comparison with control tube. Note color difference of cul¬ 
ture medium, as a result of development of yellow pigment on potato-dextrose agar. 

B. —Photomicrograph of Wisconsin leafspot organism. Carbolfuchsin stain. X3>ooo„ 
C —Line drawing of Wisconsin leafspot organism, showing flagella. 
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